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41 'u’tf'vh’uli ire joimed m the Vegetable 
A and Animal »iems, and which au* to be the stib- 
I ti. tf LOiibidcration in this loluint', .ire aU compounds, 
i, jm th'* nature cd thv.u chennc il conaitution, they de- 
^.ve ittuliar charaacrs, by which they ire connected 
with each othei, and aic di'jcnniui'*eu from the com¬ 
pounds wdiicli bt'.ong to the mmeial kiiigdcm. 

\Vith regard to compobition, the mineral subblances 
are extremely varied as to liie piintjples of which they 
are composed, but simple as to the niudos in which these 
are combined. All the simple substances are to be found 
in the mineral kingdom, but they are generajljjanimd i 
binary combinatioiib, or, by the i» 
pounds, others are formed. Tb<' 
hand, w^hich are formed in ;*<V 
temS| are more uniform with regard to the ptinoiplbs of 
wliy|j.h they are com^oe^, but more‘difersified in the 
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hich thele are combined : they consist only of 
ts, which are united scarcely ever in binary, 
[ternary, quaternary, or even more*compli- 
ions ; and from difFerenpes in the propor- 
liiodes of union, arise the extrfeniblv diver- 
by which they are dlstingui-heci; All 
^^iicts may be said to consist of carbon. 
Oxygen j the ariin-al, of curbon, 1 ydrogen, 
oxygen, ntfr'-.gen, phosphoru;, and sulphur. Some of tiie 
fnctals and earths, particularly iron, mangatiebC, gold, si- 
lex, and li^e, and the fixed alkalis, arc likcviisc obtained 
from vegetable and animal bodies. Ikit the quantities of 
the^e are seldom considerable : some of them arc perhaps 
farmed during the analysis by which they ».e ob-rdned, 
and others may be regarded as foreign substances acci¬ 
dentally introduced. Lime and iron are of theHe princi¬ 
ples the most ccmstani, and present in largest proport;o;\ 
From the nature of the composition of the;? substan¬ 
ces, arise the chemical ptopertie-; by which they are clia- 
ractcrized. The compounds of the mineral kingdom:, 
consis mg, in general, of two immediate principles, unitei^ 

. f 

by ia single affinity, have no tendency to suffer sponi.i- 
fiedus changes; or, when left to themselves, there is no 
cauiie to disturb the uniformity of their mutual attr.xtion. 
0*1016 relative force of attraction by which their priiu.iples 
,are united^ can also be in some measure estimated, and 

. ‘•j; ■ ■ . 

JIltf^Bawqd i^fan ces by ^hich that attraction is modified 
deternrined presenting these principicato each 

vOtbter these circumstances, we can effect their oom- 

cc^ppoands possessed of precisely the 

I ||4 /'j 

same pr^eities* We^igan 2mal^ ^se Compounds pth 
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equal facility, or, by a simple decbmpositt^^l^ 

^ * ***** ' 

their principles, so as to obtain theip isolatod. ‘ We can 

therefore ascertain with accuracy their co||||p|j^ioi:|» ^«e*»th 

as to the nature and proportions of their con^rtrqt^.pt'ta, 

and as to the modes in which these are C(%b't5^ i 

But the chemical constitution of the ani* 

mal products is extremely different, and gives to very 
• 

difftrent chemical characters. As they always consist of 
three or more principles, which have strong mutual at¬ 
tractions, the balance of these attractions, whence any 
pirtitiilar compound exists, is wsily subverted j the prin¬ 
ciples have a perpetual tendency to re-aCt on each other, 
and enter into new combinations,—a tendency rendered 
'fTutml oy the slightest alteration of circumstances, 
i lence arises the facility of decomposition which is cha¬ 
racteristic of these bodies : they aic liable to spontaneous 
4 lunges, fermentation and putr^f ict’on • they are readily 
acted on by otlior agouti, as by w iter or atmospheric air ^ 
and they aie totally changed by an increase of tempera¬ 
ture. As their principles, too, have mutual affinities of 
nearly the same force, thf'y never escape from a com¬ 
bination pure and uncombined, but unite with each other, 
forming a complicated analysis; and as their composition, 
with regard to the ultimate ptinciples, is much alike, the 
products of thi> analysis, in the different individual sub¬ 
stances, are extremely similar. And, lastly, as we tttf 
incapable of bal mcing the atlracti'^ns of t|ie SfiMMal pftft** 
ciplcs 6f which they ate formed, or of placiitg Sffiese prin¬ 
ciples under the circuinstances under which they were 
brt^ight into union in the vessels of the anhnal or plant, 
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cani:ttidom> by artificial arrangenaents, form com- 

. ^ * ** *' , 

^lo^nds of a similar nature. 

atH^^chemicai properties which peculiarly di§- 
‘^(j^*'^l©ducts of organization,—their suset ptibi- 
,eco^p^^6n, ihe complicated nature of their a- 
halylie l^d similarity of its products, and the imprac- 
j^lbifity^fth^ artificial form ition from the direct union 
: oltheir constituent principles. 

There are a^me subordinate distinctions between tlie 
Vegetable and the animal substances.' As the constituent 
principles pf attirpal jpiatter are more numerous, their af- 
nnitics ,are, mor6 meety adjusted, and more liable to be 
sdte^d by the sliijhtest alteration of circumstances. Hence 
tW.animal products are, in general, more susceptible cf 
_ decon^^situm. This, too, is of a nature somewhat dif¬ 
ferent with, regard to the products, from that of veget.iblc 
niatler \ and;, in particular, they are distinguished, by bc- 
. ing liable to that species of spontaiiccnis decomposition 
Wiich constitutes putrcyfact'cn : the others decay, but tlicir 
decomposition is apt marked by the evolution of those 
prc^liicts wdiich distinguish that of animal matter, and 
which characterize this process. Their analysis by heat 
also is ditferent,. ^^egetables are resolved principally into 
(i^rbtfretted hydrogen, cart)onic oxide, and carbonic acid ; 
Jaiiimal sil-bstances always afibrd a large quantity of ain- 

■* t'; ■' ^ 'ii' 

;^0nta, .a94 generally also combinations of hydrogen with 

uitVogen. It is on the presence, 
.pnnpipallj^ these three latter substances, that th^se dif- 

-I ii' 

; in ye^eisibles, they are generally alto- 
ig. Off if present, are always in inconsider^tble 
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Though the compounds which belong to the 
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and animal kingdoms can seldom be formed by'^tificral’ 

arrangements, it is not to be concluded, As hi 

that Uiis arises from oeculiar unknown 

Exertion of which their natural format^ 

pUbhed. They are chemical arompoiu 

chemical affinities, which have been exertCiTi^ 

• w '■ . 1 . 

peculiar circuinstanlres. We can ev$^, by arti^ial 

cesses form cdo^oufuis perfectly sim'^ to some pro¬ 
ducts of vegetation; and, although the aictions which 
the greater number of theses products are formed can be 
only imperfectly imitated in our pfoi^ses, we can ^till so 
far trace them, ass to discover their theory, and,-the naturo 
of the modifications to which they are subji^cted. He)^e 
the natural formation of these substances is ^ictly a sub¬ 
ject of chemical investigation; and vegetable and animal 
physiology* 50 far as it is connected with this, is a depart¬ 
ment of chemical’science,—one which is at present the 
most defective and obscure, but in which the progress is 
perhaps the least limited, which may reach the highest per- , 
fection, and present the rabst important results. 
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jOF VEGKTABLK SUDSTAIfCES.^^ 

" I 


T he Vegetable Substances being^le^ compKiSated ia 
their composition tlan those belonging to the*Ani* 
mal Kingdom* and affording likewise, in general, the 
tcrials from ti^ich the latter are formed, are first to be 
considered. 

Their chemical history may be comprised under three 
divisions. Under the first, may be statedi the facts con¬ 
nected with their natural formation, or the principles of 
vegetable physiology, so far, as this is dependent on che¬ 
mistry. Under the second, may be considered in debit 
the chemical properties and relations of the several vege¬ 
table products. And to the third, may be referred their 
general analysis, and thef’chemical changes they suffer, 
either spontaneously, or when placed under peculiar clr-* 
cumstaiices. 
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CHAP. 1. 

OF ORATION OF VilCET^DLE SUBSTAN¬ 

CES, OR THE 18iI£MICAL PlfiYSIOLOGY OF VE- 
GBTAl^t,£S. 

I N entering on this interesting subject^ it is necessary 
to give a concise view of the structure and functions 
of p)!teit6)4t least in $0 far as these are related to the che¬ 
mical processes carried, on in the vegetable S]|r&tem, by 
which the numerous products of vegetation are formed. 

The structure of plants is, in many respects, analogous 
to that of animals. Compared, indeed, with that of the 
higher orders of these, it is much more simple : no organs 
are fotto4 corresponding to the brain and nerves, the heart, 
the digestive system, or the mnsclcs ; but even in the low¬ 
er tribes of animals, all these organs arc not uniform )y 
present; and in the general frame of vegetables, we disco¬ 
ver that arrangement which is in strict propriety named 
otganized* There are solid parts through which vessels 
conveying^ fluids are distributed, and organs in which 
functions similar to those of animals are performed. 

. The organized structure of, vegetables is, of course, 
best discovered in the jarger and more psirfect plants. 
These consist of a stem or trunk, which, at its insertion 
into the earth, divides generally into a greater dr smaller 








number of bnmdiest^ which toYm the rooti and at 
per extremity terminates likewise in'^numberof btancli^'' 
es, tb which the leaves and parts of fructification are at¬ 
tached. , # 

On making a transverse section of ai^ <^1. t£ese ^t||ld 
parts, a difference of structure is observed. In the ces^, 
we find a soft sul^^nce wh^ch is namecKhe Pitlr;, ex- 
ternaUo this is the Wood, more hard|lmd compact; and 
over the whole is an oitet rough covering,’ t}^Ba|:k. 

The Bark hiss been considered as contposed di^lchree 
parts,—the epidermis, or external roi^ covering, con¬ 
sisting of numerous layers; the celhte tissue or enve- 


sisting os numerous layers; the celhintr tissue or enve- 
lope beneath, composed of fibres interlaced so^ to leave 
interstices, wHch appear to 1ie< filled witb a softer ma^er 
of a gfeen colour ; and, lastly, the cortical layers next to 
the wood, and approaching to it in structure. Through 
these parts run innumerable minute vessels, which a|^pwar 
to perform the functions of absorption and transpiiationy 
and perhaps of ^^similation and secretion. ■ 

The Wood is much denser than the bark. It is ^btous 


in its texture, and is composed of layers or zones. Dur¬ 
ing the growth of the plant, a new zerie is formed an¬ 
nually ; and as, in different seasons, the vegetation i$ 
more or less vigorous, these zones vary in density and 
size. Through these lay^'s are distributed a number, pf 
vessels, both straight and spiral, running in a^erpendieu- 

\ 9 

lar direction, and others which run horizontally from the 
bark. The part of the wood which is next^to the bark 
is softer than the central part, an4has been distinguished 
by,the name of Alburnum ; and there is a kind of grada¬ 
tion from the wood through this to the internal bark.,. 
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'f%d pith, or Medulla, placed in the centre, is silnilar in 
texture to the wood, only softer, and more cellular. It is 
ultirays most abundant and* most succulent in young 
pla^is^ and is diminished and nearly obliterated by age. 
It appears to bttle importance in contributing to the 
growth of the vegetable. Mr Knight made a section 
through |he btik and wood into tho^hoot of a vine, so 
US to extract as nriich as possible of the medulla; but it 
continue<^|6 grow as well as othdt' shoots, the medulla of 
whidi' had remained uninjured *. He conjectures, that 
its ofRce is prhil^ally to form a reservoir of moisture to 
the plant. 

Ij^ herbstceouB plants, these different parts are not dis* 
txsets the wood, in particular, is wanting, and the 
stem is composed of a kind of cellular membrane, co« 
veiod with ait epidermis more or less thin, and inclosing 

the pkh. 

Attached to the stem or branches of plants, are the 
lieayes. Theit structure seems similar to that of the cel¬ 
lular d^BSue of the bark, or is fibrous and interlaced, co- 
vssred on each surface with a very fine membrane, and 
bating numerous vessels distributed through the substance 

the leaf, and inosculating freely with each other. Nu¬ 
merous small points, connected with theae, are scattered 
orer the surface; which have been regarded by Hcdwig 
as apertures by which absorption and transpiration are 
performed $ by Saussure, as glands which secrete or pre¬ 
pare the proper juices of the plant. The superior surface 
pf the 1^ differs, in general, perceptibly from the infe« 


^ Fhdosophicsl Transactions, 1801, p. 338. 


rior surface* - Hie former Is more smw^K and shtriif 
the latter has more asperities; its dolour is p^efj and'" 
viUi‘lc6S lustre ; the last difieretices probably arising fr^ 
a less free exposure to light. These surfai^S perB^m 
difUerent functions. By the under sur^jj^ or that 
the earth, absorption principally is performed, as Bciliet 

9 '' i 

established by nume^us af|«triment& *'; 'vcf^Ster, or Eatery 

'' ' 4 * 

vapoury being t^ea in^when in €ontactli(i(di it, so as to pre* 
vent the leaf from decking immediately/evci|Wh^ 4®^ 
tached from the plant; and watery vapour from^pe '4!t* 
mosphere, or dew, being probably abso]#^ in the natural 
situation. By the same surface, transphration appears also 
to be performed, as the expeiimenfs of file ,sai^ author 
have proved. This, has been confirmed by Mr Knight. 
He applied a plate of glass to the under surface of a large 
vine leaf, in connection with the plant; and the ec4of 
half an hour, so much water had exhaled, that it ram off* 
the ^ss when held obliquely^: but on placing it in bon* 
tact with the upper surface of the leaf, not the slightest 
portion of moisture appeared f. This sui^ace ^qipears 
principally ^stined to expose the fluid circulating through 
the leaf to the chemical agency of light, and probably to 
emit the aerial matter arising from the decomposition of 
the circulating pp. Ingenhouz has accordingly stated ex^ 
periments, in which he found, that the leaves furnish Hffi 
air containing more oxygen, when their upper, tl^n udifim 
their under surface is exposed to the direct action of 

* Recherches sur I’Usage des Feuilles. 

\ 

f jphilosophical Transactions, 1803, p. 
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iigliif So well adapted are these surfaces to the perform- 
" ance of their respective functions, that when their posi¬ 
tion is reversed, the plant makes every effort to regain’ that 
whtvh is natural to them, or rather which is best adapted 
to t^ie funct.ioRa;{fhcy have to perform, as Bonnet has abun¬ 
dantly shown. The leaves of some plants even follow,* in 
somfsneasurey the course of .the sun, presenting always 
their upper surface to the direct rays of light. 

The l;^vcs are the. proper ^respiratory organs of 
ft is sufficiently demonstrated by experiment, 
as is immediately to be stated, that, by their medium, 
plants change the state of the surrounding atmosphere, or 
perform respiration 5 and that reciprocal changes are ef- 
" iected in the lluids which circulate through the vessels of 
the leaf; that these fluids are thus prepared for the 
formation of vegetable matter, and are returned by a pe¬ 
culiar set of vessels to the body of the plant. The im- 
, ^ 

por^nce of the functions the leaves perform, is sufficient¬ 
ly dempnstrated by the fact, that when they are destroy¬ 
ed the plant soon decays and dies. 

> 

There is much difficulty in tracing accurately the ves¬ 
sels of plants, and particularly in observing their connec¬ 
tions and terminations, and the course of the fluids they 
convey. Hence the different opinions |piat have been 
advanced with regard to thethy and the degree of uncer¬ 
tainty in which the subject is still involved. Natu¬ 
ralists, however, have generally agreed in distinguisliing 
three kinds $—the common vessels, or those which con¬ 
vey the common juice,or sap *, the spiral vessels, which 


Expenences sur les Vegetaux, tom, ii. p. 193. 
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principally' accompany these; and the proper vessel^r^r 
those which convey the peculiar juices of the plant after 
they* are formed. It is an interesting object of intjuiyr, 
to discover the course of .these different kinds of vesjcls, 
their relations and connections) and the|9;£ces they 
form, % 

The first of the$p) the ^mmon vessel, occur ^ahieily 
beneatji the cellular tissue of the stem; Ind br in¬ 
ches, or in the alburt^m, and. rise longitut^ally from' 
the root to the leaves and flowers ;-they are frem^tly 
of considerable size, and are easily discovered by im¬ 
mersing the root of a growing plant in a coloured ve¬ 
getable infusion ; it is soon observed to ascend in them« 
and may be traced to the leaf, and even into the vessels 
which enter the leaf at the foot stalk, and are distributed 
through it. They appear to absorb .fluids from the soUj 
aml^here exist similar absorbent vessels which tun.from 
the epidermis in an oblique or horizontal cbreciion. ■ 

The proper vessels are situated principsdly in the cel¬ 
lular tissue and internal bark : tiiey appear alwa^ya.^ 4^ 
scend from the upper parts-of the vegetable towards the 
root, and to convey a fluid downward. This is proved 
by the facts, that a coloured liquid does not ascend in 
them, as in t^ common vessels, when the root of a 
growing plant is immersed in it, and that, when ths 
stem or a large branch of a plant is cut across, the -pl^ 
per juice always issues from the upper margin of the iiv; 
cision, and the production of new matter to fill up th4 
inckion takes place principally f)rofn this margin. As 
th^ common vessels can thus be traced upwards from 
the root to the le^ives, and the proper vessels descend 
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in l^e bftposlte direction, i 
that the connectipn between them,. or the relation of 
t^e one to the other, is established in the leaf; and ac« 
cor^ingly this has of late been investigated with consider¬ 
able success;, <• • • 

ha the leaf of every plant, we percpave an abundant 
distribution 0 ^ 3 /essels. A latge vessel or bundle of yes- 
$els entefs from stalk, which runs through the centre 
'iaf the leaf ^to its apex, GXtendin|jN!o very minute ramifi- 
catioi^ which appear to communicate freely with each 
other. 

Dr Dai^in cfliijectured, that this central vessel, or 
bundle of Vessds, is formed by the union of smaller sap 
tessels, and that it performs the o£^ce of a pulmonary 
artery, distributkig the sap it conveys over the extensive 
surface of die kaf^ and thus exposing it to the action of 
the aijr and light, from which it may suffer those clftmi- 
cal changes necessaiy to its further assimilaibn. I^rom 
the extremitidfe of the minute ramifications of tliis vessel, 
A|iid, thus changed in its composition, returns, lie 
c^ceives, by other vessels which pass along the under 
suMce of the leaf, unite at the footstalk, and form 
larger vessels, by which it is conveyed to other parts of. 
die plant. And he states the following eseperiment, from 
wIdcH this appears to be proved : 

^ ^ A stalk with leaves and seed-vessels of large spuiqge 
(Euphorbia helioscopia) had been several day% placed in a 
decoction madder, so that the lower part of the stem, 
and two: of tlie undetpiost leaves were immersed in it. 
After havUig washed the immersed leaves in clear water. 


t seems necessarily to follow, 
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I could readily discern the^fblour of the nhadder passing 
along the middle rib of each leaf. .This red'artery wai ' 
beautifully visible both on the under and upper sur£<^e 
of the leaf j but on the upper side many red branches 
yrere seen going from it to the extren^ties of the leaf, 
which on the oth^yr side were not visible* except by look* 
Ing^through it againi^t the .fight. Oa thk underside a 
system of branching vessel?, carrying!,ji pale iftlliky fluid, 
w'ere seen coming fropN the extremities of the leaf, and, 
covering the whole underside of it, and joininj^ a|j^ two 
large veins, one on each side of the red ■ artery, in i^e 
middle rib of the leaf, and along widk it descending to 
the footstalk or petiole. On slitting one of these leaves 
vsrith scissars, and having a common magnifying "lens, 
ready, the milky blood was'seen oozing out of the return¬ 
ing veins on each sule of the red artery in the middle 
lib, but none of the red fluid from the artery. 

“ All these appearances were more easily seen in leaf 
of Picris, treated in the same manner j for in this milky 
plant the stems and middle rib of tlie leav^ are some¬ 
times naturally col<)ured reddish, and hence the colouc 
of the madder seemed to pass further into the rami^a- 
tions of their leaf-arteries, and was there beautifully vi¬ 
sible with the returning branches of milky veins on each 
side. 

« 

From these experiments the upper surface of the Idid 
appeared to he the immediate organ of respiration, be* 
cause tlm coloured fluid was carried to the extremities 
of the leaf by vessels most conspicipu's on tlie upper sur¬ 
face, and there changed into a milky fluid, w^h is tlte 
blood of the plant, and then returned by coiiiDmitant 
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veins on the under surfacl^ which were seen tb ooze 
whcH'djvi'dedl with scissars, and wliich> in Plcris particu- 
li:|rly, render the under surface of the leaves greatly 
whiter than the upper one.” This fluid, thus prepared, 
Dt Darwin %dd8, is expended in the various secretlons;i 
and in the growth and nourishment of the plant 


This has bepn further investigated by Mr Knight^ in 
his late #esearcKe8 on the structure and functions of ve¬ 


getables. He found, that when he made a circular iii- 
cisioflriround the stem of a plant, removing completely the 
btark at the incision, so as to cut olF the connection of 


the stem by the medium of the bark with the leaves, it 
did not grow nor shoot out branches below the incision, 
hut^ grew as vigorously as usual above the incision. 
Hence he was led to conclude, that the sap rising from 
the root through the wood, is prepared in the leaves for 
assimilation, and returns by vessels descending thiougli 
the*bark, to be sub$er\ient to the iiutiition of the plant. 
In conformity to this he Icund, that if the stem below 
the incision produced a new slioot, as sometimes happen¬ 
ed, then the parts beneath connected with this shoot be¬ 
gan to grow. Or if he made incisions in diflferent parts 
around the stem, allowing a leaf to remain in connection 
with each part between two of the incisions, the insu¬ 
lated leaf acted like the shoot, and the part between it 
and the incision beneath grew; while, if similar inci¬ 
sions were made without any leaf being allowed to re¬ 
main, no growth nor increase in the size of the wood 
was discoverable. *On the other hand, by making a epm- 


3otanic Garden, Notes, vol. i. p, 4>50. 453. 
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plete circulat incision in tSe bark, and by a perforation 
extracting the pitlv in the centre cf a branoh, thus 
leaving a communication between the leaves and roats 
by the wood, the leaves still continued to flourish,—a 
. proof, that the vessels conveying sap to {^leaves, ascend 
Vhrottgh the wood 

ylaving formed this view, he endeavoured to trace the 
course of the 9np into the leaf, and its Ij^iiiturn to*the other 

V 

parts of the plant. . * ’ 

The sap vessels are easily traced from tlM^!W>ts 

through the alburnum, to the young stalks or shoots} 

the object therefore was, to trace their progress beyond 

this. Having made ciuular incisions as above, in the 

0 

bark of some annual shoots of the apple and of die horse 
chesnut, he placed the stalk of the shoot beiieath these 
ineistoiis, in a deeply tinged vegetable infusion, for a few 
hours. On then making transverse .ectionsof the shoots, 
he found that the coloured liquid h id passed up the pores 
of tile wood beyond the iiiv ision >, aiid into the insulated 
leaves} but it had neithei coloured the bark ndr the sap 
between it and the wood; proving, that the fluid rises 
from the commencement of the branch, through the 
w'ood, towards the lea\ es *, w'hilc it appears to return by 
vessels situated in the inner bark, which have no imme¬ 
diate communication w'lth tfce vessels of the wood. 

Mr Knight, on examining the leaves in the shoots sulih 
jeeted to this experiment, found in the apple, that the 
leaf is attached to the wood by three strong fibres or 


* Philosophici'l Transactions, 1801, p. S34. 
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or ratlier bundles of ti%cs; one i^ntering the mid- 
* dls of die leaf* the odierb being on each side of it. In the 
horse chesnut) there are seven or eight bundles of a* si¬ 
milar kind of tubes in each leaf. Through these the in¬ 
fusion had pasS^y and communicated its colour through 
almost the whole of each leaf-stalk. ^ These tubes Ma 
K night considers as being different from the comm/i 
Of sap vessels m tlie alburnum: they commence i few 
jllfihos belOw the leaf to avhich thoy belong, \nd become' 
iitO|!^^umcrous as they approach to it. I'o distinguish 
them, Mr Knight Ini given tium the innic of C^ntial 
vessels: they extend to the extrcniities of the leaf, whei<r 
they appear to terminate, and ire every where sum und- 
ed with the spiral vessels, which ’ppcar to be appendage s 
to them. 

Lying p^nlUl with t^iesc nsscls and surrounding 
them, arv, anotlKt *■ (f \cssch which were colour 
less* ard ,'pn».jiad to bt com eying a different fluid 
They seem to rclLirn tiu ip to the tree, forwli n i 
leaf was cut otl which had imbibed a coloured infusion, 
jjio native juices of the plant flowed from thc^c vessels 
a{fparently unaltered, as Dr Darwin liad formerly ob- 
eserved. They descend through the inner bark, and ip- 
pear to extend from the extremities of the leivcs to the 
> > of the roots. 

In conformity to these views. Mi Knight gives the fol- 

ft 

lowing view of the circulation of the fluids in plants, oi 
. of the progress of the common sap, and its return to the 
t difl^ent parts, to sdp^Iy matter for nutrition and the lor- 
of new products. 
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The sap is absorbed by the common vessels origlli*- 
aiing from the extremiticb of the roots of th^ vc^etsbley'' 
and uses dirough the alburnum of the root, stem, 4iul 
blanches, propelled by the contractile power of the fibres 
^ which divtrgc from the p th to the fa^k, and press on 
\hc6e to<-^c]s; m the branches it passes into what dre 
*n\mcd the central vessels, and through^them into the 
te if-at ilk, and ultimately into the leaf. ThelAs it is ex- 
posed, *111 the delicate raminc4»ons of these vesselli, to 
the action of the air and 1 ght, and is converted, 
at k st, into the proper juice of the plant: this is con¬ 
veyed by the proper \cssck -whith have their origin in 
the l^if, which ui ite ivd di'M.erd through the internal!* 
birk. In its progress tl lough the‘-<* \c tis, it probably 
iindeigoes further changes, and is ultin ’^ely converted 
’ jt > the solid matUr t f the pUr t, and ii > t’u f*aduct-i 
w Inch It affords 

The use of the. spo I \ess^] , ciih r in thi> cir< iil *ion 
O' ill iny of the fui »-ti i*- j' th • \ti’^iabV, does not ap¬ 
pear very obvious. Hiv.\ ne found round the pith, in 
the sli nder hr inches, the kaf-stafk, and the petals of the 
Bowers. They aie always empty, and hence some have 
supposed them to con\ty iir: others have supposed 
them to be absorbent ms ck, and have accounted for 
their bei ig get'ei dly found empty, from their contracti)# 
power, m consequence of which they immediately dlif*' 
charge the Buid they contain when citt. As they at# 
found piincipuj) connected with the cetitrad vessels la 


^^Philosophical Transactions, 1801, p. 351*; 1993, 

180% p. 100. 
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^ young shoots, and as in an^other part of t](}e plant the/ 
‘appear hardened and nearly obliterated, Mr Knight con¬ 
siders them as appendages to these central vesseh, and, 
by some mechanism, facilitating the pfopnlsion of the sap 
into the leaf, a«J^ its distribution over it} the a^ion of , 
the fibres of the alburnum, by wbich^jthe sap had bce| 2 ^ 
propelled throt^h the stem, ceasing, as he supposqr*, 
where th^ of tbOi^itAl vessels commences* 

** In this generil structure of vejpetables, there exists i 
SIfiMfjlp analogy to the frame of animals *, and from this 
ai^logy, as well as froitp the functions, they perform,'it 
has justly been inl^ed, that they are endowed with su- 
tbilar vitjd powers. At one period indeed, it was at- 
* itmp^ed to account for tire motions of vegetables from 
fheir peculiar mechanism, independent of any living 
power, llie ascent of the sap was thus ascribed to ca¬ 
pillary attraction in the sap vessels *, and the movements 
of difierent parts of the vegetable, were supposed to de¬ 
pend on the mere elasticity of their fibres. But such 
nniM 9 te altogether inadequate. Capillary attraction is 
^ilMntfficiient to account for the motion of the sap ^ the vc- 
iSfeity with which it ascends; the great height to which 
It reaches; for its variable motion i or for its propulsion 
^tmd discharge when the vessels are cut. Still less can 
twi assigned as the eau^eof the retrograde course and dc- 
6f tibe fiuid in the proper ycbscls. Nor can any 
j*>8npp0|g^ ekstidiy of the fibres of plants account for the 
Stis motoments of th^ leaves and fiowgrs, or of 
lUiOlWs whiedt they perform when excited by e\- 
btoj^sions* The similarity of thesc^ actions and 
tofflaMhk the vegetable sy^tqpi to those performed in 
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the animal syateaiy for the attainment of similal ^n4ai 
sufficiently warrants the concluston^ tliat they originate in' 
a Similar cause, or arise t)||t peculiar property, ieri* 
tability, or the auteeptibUity of dontrac^on Utom the ap> 
plication of cxtnnal agents, which chpilictf^zes living 
matter. 

^ From the structtirjp of vegetables, and*in particnlar the 
greater rigidity of dieir parts, the i4|mediate* operatiou 
of this principle is nof’^ndeed so uneqmvocally perceived* 
But the functions of the vegetable kingdom f ab- 
sorption of external matter ; the propulsion of the sap $ 
the secretions wheirce new product;^ $tp formed j the 
motions of their leaves; their susceptibility to the ine^ 
preSsion of external agents, light, heat, mdisture, and 
electricity ( their growth, and the formattum and evoln- 
tioii of the embryo plant with similar powers, are phe¬ 
nomena inexplicable on any pimciples of mechanism, 
and so strikingly analogous to the phenomena which oc¬ 
cur in the animal system, that they mu^ be refened to a 
similar principle. ^ 

The irritability of vegetables, observes, even ift ita teW 
tiOns to external agents, nearly the same laws as aniihal 
irritabilfly* The functions dependent on it, require to 
be excited by the, application of eternal agents: hence 
the necessity of the due application of beat, light, ah^ 
and moistmre: ,if these are withdrawn, tlie functions la^ 
guish, and the iiiitabihty Of the plabi^^db^iunulatesIf 
they ar<! applied in excess,^ this power is impaiibd *, and, 
lastly, if by a previous abstraction df the usual stimuli, 
the irritability has been accumulated, more vigorous ac« 
tion will ensue on their re •application, or, if too Suddenly 
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and forcibly appliod, a ^otal cxhau$don of power will 
take place. The effects of soil, of moisture, of heat, 
and electricity oz| plants; their sleep, germina¬ 
tion, efflorescence, fructiffcation and decay, afford many 
beautiful illustrations of the operation of this principle, ' 
in conformity to these laws. * ^ 

t 

It itf'true, th.tt ^ome differences are to be observed 
the vitality of th^ two systems. They are differently 
acted on by some agents,'^and thete does not exist in the 
teget4le system, at least to so great a degree as in the 
animal system, that general relation, by which, when one 
part is peculiarly j^ctecl, distant parts participate in the 
Iffection. But differences of this kind are coriiparativcly 
trivial; they arise from a more simple structure, and 
they are not greater than what are even to be observed 
in the different orders of animals. 

‘ The preceding observations on the structure and mov¬ 
ing powers of v''gctablc';, and on the circulation of their 
fftdds, prepare us for the consideration of the functions 
un which their growth is dependent, and by whidi, from 
new combinations, their various products are formed. 

Absorption takes place in vegetables to a very consi¬ 
derable extent. A large quantity of water, with portions 
of other matter, is taken up by their roots from the soil, 
tMfd b indispensable to their growth. This absorption is 
dot indiscriminatp, otherwise plants should contain all the 
principles of the soil in which they grow. Neither is it 
pure water only that is absorbed, but water holding in 
solution or in suspension such substances as may contri¬ 
bute to the nourishment of the plant. The absorption of 
this fluid, is the source of the sap or common juice, 
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which rises tlirough the vessels in the alburnum, is gra¬ 
dually changed in its prqgreair through tlie*plant, and* 
wliich is found in very difFcrcnt states at different pe* 
nods. In v, inter it is in small quantity ; in spring and 
summer it is much more abundant; in«autumn it be- 
' ''pmes thickci and less copious;—changes which may arise 
p\jrtly from the action of the sap vessels, partly fi^m in¬ 
termixture of the proper juices, or from the •olutionof 
part of the solid matter through whidi it is conveyed. 
Dr Darwin observed, that the qualities of the sapuSp cer¬ 
tain periods of \cgetitioii, appear in particular to arise 
from the matter which it dissolves in its ascent. Uc 
supposed, that when vegetation is vigorous, as it is in th# 
course of the summer and commencement of autulim, a 
quantity of nutritious matter is formed principally by the 
leaves, and is deposited as a reservoir of nutriment in the 
iilbarnum; that on the revival of vegetation in the spring, 
thu lo dissolved by the lluidwhich is then absorbed from the 
' )il, communicates to it peculiar qu liities, and serves for 
tlie fjrmatiou of new buds and leaves. In herbaceous 
plants, this deposition, he obscivcs, takes place in their 
loots diinng the autumn for the oame purpose; and in 
s me plants it is foiired in the joints of the stem. 
Ilcncc, ao he remarks, the lo.ivt,s of the lower branches of 
arc u'u Vy iitft cj,j anded *. 
hlr Knight hos stated piocisely the same vieWi—thut 
part of the piopii iuicc generated in the plant when ve- 
gttatiotf is most \igoious, that is, in the course of the 
• ammer and the commeiictmcnt qf autumn, is deposited 
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in the solid matter of thq albomutn, and remains depo¬ 
sited in it through the w&iter.. In the spring, when the 
pojvers of vegetation are renewed, this deposite is sup¬ 
posed to be dissolved by the ascending sap, and thus 
matter is furnished already assimilated to the vegetable, 
and adapted to the formation of the new buds and shootj.'' 
In conformity tg this opinion, and what may be regarded ’ 
in some measi^re as proofs of it, Mr Knight found, that 
the sap iiy spring Jias a greater specific gravity, and pos- 
ses^s qualities which indicate a quantity of some peculiar 
matter to be dissolved in it, in a greater degree, as It is 
taken at a greater height from the root $ and that the 
jirood of the stem or large branches, cut down in winter, 
has a' greater rpcciBc gravity, and contains more extract¬ 
ive matter soluble in water, than the wood of the same 
species of tree cut down about the commencement of 
summer *. 

It appears also, that in oilier periods of vegetation, the 
sap is mingled with some of the proper juice?, as it is 
sometimes possessed of qualities which it could not have 
derived from the soil, or from any of the solid parts of 
the plant. It is thus sometimes highly saccharine, though 
the wood itself is possessed of no sweetness ; at other 
times acid. According to Mr Knight’s observations, the 
eap, whether extracted from the tree*%iigh to the ground, 
or at a distance from it, w'as always found to contain a 
llarge portion of air. 

The sap of diScrent vegetables has been examined by 
Vauquelm.^The sap of the common elm, (ITiniua cam- 


^ Fbilosopliical Transactions, liS05, p. 70. 101, 
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pcstrlb), he found to contain a large portion of vegetaWe 
matter, acetate of potassa, carliStiatc of lime, Vlrith-slight • 
traces of sulphate and muriate of potassa, the vegetable 
matter being in larger proportion, as it was taken from 
the plant late in the season. The sap of thel>eech, (Fagus 
svljrestris), besides vegetable extractive matter, containedi 
^a.Vnln, gallic acid, and free acetic acid, ypthout any car» 
bonato of lime, but with a portion of acetafetof lime. 
The sap of the birch with extractive, ec^tained also sac¬ 
charine matter, acetic acid, acetate of lime, and nitrate o£ 
potassa. In all these saps, part of the proper juices had 
no doubt been mixed witli the liquid absorbed from the 
soil, or part of the solid vegetable ntatter itself had becn'^ 
dissolved in its progress through the plant*. Chfiptal 
has also examined the sap of various vegetables, obtained 
b)i exudation from incisions, and probably in a state of 
mixture with the proper juices. In all of them a quaoo 
tity of vegetable extractive matter was contained, having 
principally the characters of the matter which constitutes 
the ligneous fibre, which was slowly precipitated on 
standing either wftli or without the admission of air, 
and which was also precipitated by acids, alkalis, and ' 
other re-agcnts f. 

Not only is absorption performed by the vessels in the 
routs of plants \ it takes place also at the surface of the 
bark and leaves. Absorbent vessels are not only capable 
of being discovered by the eye, running from dbe bark Ut 
a horizontal direction, but the performance of absorption 

Annales dc Chitnic, tom. xxxi. p. ^ 

i Memoircs dc ITnstitut. National, tom. i. p. 288» 
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by them is demonstratcdj by the increase of weight which 
a branch taken from a twe gains by exposure to dew, or 
tq a humid atmosphere. The absorbents from the leaves 
seem to rise principally from the inferior surface of the 
leaf. • 

Perspiration, or the function by which a fluid or vappur 
Is constantly exhaled, is that which counterbalances ib* 
sorptionj* Numerous experiments have proved the exist¬ 
ence of this funy^ion in yegetables. By merely placing a 
growing plant under a glass receiver, the internal surface 
is soon obscured j a fluid is condensed on it, which ap¬ 
pears to be water, with a slightly odorous impregnation. 
‘The quantity perspired differs under various circumstan¬ 
ces. *lt is increased by a high temperature, by the stimu¬ 
lus of light, and by a dry atmosphere. In the experiments 
of Hales, a sunflower, three feet high, was found to 
transmit by transpiration, in twelve hours in the day- 
rime* about twenty ounces of fluid. This function ap¬ 
pears to be performed by the leaves, and principally by 
tbebr under surface, as has been already stated. There 
also exist, however, numerous pores 6r apertures in the 
bark of the stem and branches, through which, probably, 
U discharge of fluid likewise takes place. 

Respiration is another function wdiicli plants have been 
supposed to performs and there can be no doubt, but 
that they are aflfbeted by, and produce changes in the sur¬ 
rounding atmosphere, and in atrial fluids, to the action of 
which riiey are exposed. The nature of these •changes, 
however^ though the investigation of it has been the sub* 
jeetof very numerous and extensive experiments, is still in¬ 
volved itvsome obscurity; and tlie statement of this func- 
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tioiij so important in what relat^ to the chemical phyao* 
logy of vegetablesy will require details. 

At an early period pneumatic chemistry, (1771, or 
1772), Priestley, from some facts which he had observed, 
[uferred, that plants growing in air vitiated by combus- 
tiou or the respiration of animals r^tore it to its or]gma|i 
pui’ty. A few years afterwards, he undertook the snore' ^ 
full itjvestigation of this subject j and ihoughj in the ‘ 
course of his experiments, the results Wi^re variable, mrd ' 
sometimes discordant, he found, that in many of ttrenSj 
when a plant, or the shoot of a plant, was inttodnce4 End 
confined in air which had been vitiated by respiration or 
the combustion of a taper, in which, of course, caribonic 1* 
acid was present, while the oxygen was nearly or entirely 
abstracted, in a few days the air was found to have recciv« 

n 

cd an accession of oxygen gas, so as to suffer a diminu** 
tion of volume from the addition of nitrous oxide gES# 
which it previously did not do } and, in somo cases, the 
proportion of oxygen appears to have been increased to 
even mure than the usual proportion in atmospheric air*» 
And, in other experiments made at a later periodf he 
found, that air containing a large proportion of oxygen 
was evolved from aquatic plants immersed in water, and 
exposed to the solar light 

This office, apparently performed by the vegetable 
kingdom, opened an admirable view of adjustment in the 
economy of nature. All the tribes of anhn|ils consumO| 
in respir^rtion, pari of the oxygen of the air vriiirit they 

_ ^ ^ ^ 

■ / 

* Experiments on Air, voL iv. sect. 28., 
f Ibid. voL V. sect 2, 
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biwathe, and £orm» at same time> a portion of carbonic 

acid gas, which they ei^te 5 and the necessary effect of 

both these operations is to deteriorate the atmosphere, or 

render it less fit to support life. It may be concluded, 

therefor, thet there are causes equally constant and ge- 

* 

ncral int their action by which these arc counteracted, 
and the purityoof the atmosphere preserved. This fvas 

♦ supposed to be performed by the vegetable kingdom. The 
^ « 3 iq»eriments of iJr Priestjey were regarded as proving, that 

growing plants give oxygen to the atmosphere; and other 
experiments seemed likewise to prove, that they absorb 
and decompose carbonic acid. The one tribe of animated 
beings, therefore, appear opposed to the other in the chan- 

* 'ges'lhey Induce on the air which is indispensable to both; 
and, by these reciprocal changes, it is preserved In a state 
adapted to the support of eadh. 

I have stated, however, that the results of Br Pnest- 
ley^s expefiments were by no means uniform, and, in 
ntony of them, the changes produced by vegetation in the 
^atr appeared to be precisely the reverse. He frequently 
found, that the air vitiated combustion or respiration, 
to which the plant was exposed, was not ameliorated, 
" without being able always to discover the reason why it 
was not: sometimes the air was even farther injured , 
and in other experiments he found, that common air was 
diminished, and rendered noxious *. In the experiments 
made nearly at the same time, too, by Scheele, the purity 
of the^air was always injured both by gcrminlktion and 
vegetation. Pease* w^re confined in a matrass, over wa- 

. . . ' I I .. . - ii ■ •tmmm mi.mrni 


* J^perimcDts.on Air,vol. iv. p. 299. 301, 321. 
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ter, in which the 3 r soon struck out roots grow; and; 
when they had ceased growing, the air, on bein|; examin¬ 
ed, was found to have remained nearly the same in 
lume, but its oxygen^ was consumed, and a quantity of 
carbonic acid gas, equal to the oxygen im yii3j|i|Bfej( h^^ 
been formed. Scheele adds to the account 
flnient, that he had ** preserved fresh roots, frUtltStherhs^^ 
flowers, ^nd leaves, each separatdy in a matmss, and« 
found, after some days, one-fouijh of th|i.3ur changed 
to a!*iul acid,” or carbonic acid gas *, 

On the other hand, the conclusions of Priestley 
cd to receive conhimation, to a certain extt^t at least,, 
from a series of experiment'; by Ingenhousz;. Jfriestley 
himself had observed, that when water Is kept for s*om^^ 
time «n glass vessels, and particularly, livhuti any ve«y 
getabk had been previou<;ly immersed in it, a qu%utityo£ 
a green matter is generated, which he con»dered to^e 
a logctiiblc nature f. This matter, he founi^ wheu ex¬ 
pose d in \v ater to the sul ir light, gat e out a tdlHttderahhs 
quantity of an aeriform fluid, nearly pure oxygun, 
and a similar production of fiiis gas he found to take 
from aquatic plants, exposed under water to die action of 
light Ingenhousz piosccutcd tins investigation to a 
grcatei extent. He found, that not only from the green 
matter uf PrLstley, but likewise from the leaves of 
tables, from their green branches or shOpts, or even 

... .- ..(M. --- 

* Experiments on Air and lire, p. 150. 
t Others, paiticuUriy Ingenhousz, have corttidetll^f^ geten 
ina|;ter as a coUection of ammalcuhe, , « 

4^ Espenments on Air, vol. iv. p, n55.; vol. v. p. 23i 3Sk 
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tf'flth’c vegetable} when placed under water and expos* 
ed to the^solar light, oxygen gas, in a state generally of 
tgmsiderable purity, is evolved *; and, as the result of his 
numerous experiments, he adopted the conclu'iion, that 
oxygen is elaborated in the leaves or other organs of ve* 
^etableV^y ^ action excited and sustained by Jthe 
SOlatJightf* the organic structure of the leaf is 

necessary to this production of oxygen, and it is 
Ijarefote the re^lt of a/unction performed by it, Ingon- 
iu)Ut 2 supposed to be proved by the- facts, that after a 
shtSIttime, (about two days in general), the emission of, 
oxygen ceased^ in consequence, ns he supposed, of the 
Vessels of th^ leaf gradually losing their vital powers; and 
that'leaves which had been bruised gave out no oxygen, 
while the leaves of the same plant detached fiom it, but 
without this destruction of their organization, gave oxy- 
gfen, the other circumstances being precisely the same. 
At the saijjMlmei he likewise found, that when the ligl ( 
le excluded/not only doco the evolution of oxygen cea^e, 
htit ihe |ihint, if placed cither in atmospheric air or tu 
oxygen gas, consumed oxygerf and produces carbonic acid, 
and the general result of adl his experiments is, as he an- 
^Bounces it, that vegetables always deteriorate the aimo* 
sphere, except when exposed directly to the solar light‘j . 

T%ke nxperimoip^ of Priestley and Ingenhousz, proving 
flgjt eVolntijOrt of Jtniygeili gas frodi vegetables. Were always 

" fcurleg Veggtaux, toni.K p. 22 25.105. 2Jr. 

i. p. 43. 91, 

tiMkh $1, 251.; tom. li. p. 49. 102. 
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liable, however, from the manner in which they were 
made, to the objection, that th 0 oxygen evolired might be 
the product, not of the process of regetation, but of the 
action of the solar light on the water; the vegetable mat* 
ter afording merely a surface, which 'presented i^e water 
in q favourable manner to the action of the light | that the 
6 xygen, therefore, might be derived endrejy from wa¬ 
ter, being either the portion which water always ^olds 
dissolved, or part even of the qxyg^ iprhich ^ters into, 
the composition of that iluid. With this supposition, the 
^fact* ascertained by Ingenhousz, that when the light is not 
present, vegetables consume the oxygen of the air, and 
form carbonic acid, sufficiently accords ^ for it appears 

improbable, that vegetables should perform such opp'bsltc 

* 

functions, as at one time to produce oxygen, at another 
to consume it; or that they should be so much depend* 
ent on an external agent, constantly variable, as diat, by 
its application, they should perform onej^n<^n, and, on 
its abstraction, not only cease performing this, but per* 
form one precisely the reverse. It might rather be con¬ 
cluded, that the function #hic]) they do perform when 

r« ‘ 

the light is excluded, is that which is natural to them; 
and that the ceasing of this, when they are immersed 
under water and exposed to the solar light, is owing to 
the exclusion of the atmospheric air 5 while the evolution 
of oxygen, which under these circumstances, also takef 
place, may be owing merely to the cheinijE^ action of the 
light on the water. Other fkets agree with theiBe con¬ 
clusions. If the evolution of oxygefi depended on dbe 
, actipn of the light on the water, it might l^\concld&d, 
that it would vary somewhat, according to the nature pf 
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the Water, as, for example, whether it held more or LoS 
air in solution; while, if it were the result of the process 
of vegetation, or Of any function performed by the \fege- 
table, it could be little ailectcd by such a cauoc. And it 
equality fpUoWS, that, were the oxygen evolved from the 
plant, the evolution ought to continue as long as it or)n- 
tinued to perform its functions; while, if it were derived 
from the air dissolved by the water, the evolution must 
soon cease. NsfW, on these points, the facts observed^ 
both by ingenhousz and Priestley arc at variance with the 
conclusion, that the oxygen is emitted by the vcgrl ible. v 
They both observed, that the emisrion was materially de¬ 
pendent on tlte kind of water in which the vegetable mat¬ 
ter was immeised. It was more abundant from water 
drawn by a pump than from any other 5 more so fiom 
river-water than from rain-water, and less cop'ous, a> 
well as less pure, from stagnant water, or water th it h id 
been boilej|^r distilled *. The evolution, also, in the 
same quantity of water, continued only for a limited tinic , 
and thstt this could not, as Ingenhousz imagined, aus.. 
frottt the termination of the life or functions of the vege¬ 
table, supposirtg the evolution to havc^ arisen from that 
cause, was apparent from the fact likewise observed by 
Priestley f, that, Ott removing the water, and adding a 
new quantity, the production of o\ygen took pi ice as be¬ 
fore. These facts, it must he acknowledged, appear to 

t • 

^ Experiments on Air, vol. v. p. Ul 50. 

Ipsonhous/ Et|XrucncL* bui Icb Vigttaus, tom, 1 . n 

EiJUpetimcnts on Air, vol. v. p. 2 3, 
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establish the coiiclusion^i that the pro4tKCt^!i oC t»Xfgeih 
horn vegetable matter, unHier the chctumtaiici^ obaerved 
by Priestley and in^ei^osz, is not the result fan$<> 
^ion of the living vegetable, but, rariier df ribe: Chemical 
action of the light on tlie water, or, at. fai^^fti os the 
humid vegetable matter. 

• Yetfhese objections, thon^ t^cf appear at » 
have sonic force, liave perhaps obviated, qy ^ hsast 
more than balanced, by the xiumercnils:£^ts whkh Priesb* 

V *'M'l, ’ 

ioy'^s and IngeiAouaz’s experiments estabil^ It does hot 
follow, as has been contended, that altliough in tho'^slade 
' plants may consume oxygezi, and form carbonic acid* the 
same functions must be performed when %hf ^ intro- 
tiuced } since this principle may both change the exertion 
of the vital agencies of jplant, and exeit dhomical af- 
hiilties that may materially modify the results ^ nor can 
r.n argument thus drawn merely from reasoning be oppoS' 
rd to an actual experiment. That the le^ ope¬ 

rate merely by aiFording a surface, at which light acts 
in a favourable manner on the water, Ingenhpus^ appears 

, ' 'V.'- • i. ’ 

to have established in a very ;satrsfattuiry manner jiS well 
even as the farther deduction, th^t thelsid'tipfrates in these 
experiment^ in consequence of its organic structure,and the 
actions connected with this. Thtis,m ^posing m the solar 
light, in separate portions of the same water, living vegeta¬ 
bles, or the leaf of a plant newly detached, and .fubstaia^^ 
which ilhjight equally afford a surface on tfeet 
might act) as pieces of silk pr clath» ^ 

forded very pure oxygen, the latter jjaire hont ^ 


* Philosonhical Tiansnctian**. vol. lx\ii. o. 4416, 
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gen given out Is {»urcr when the upper surface than when 
• the Under eurface of the leaf is c:!rposed to the light * ; and 
a ilarger quantity of oxygen is given out from leaves jn a 
state of maturity and vigour, than from those which are 
feeble, and inqperfectly developed f. While the leaves 
thus give oxygen, and improve the air, the flowers and * 
other jparts of the plant always deteriorate it leaves* 
«which arp dead, or have their organi7atlon destioyed, 
give out no oxygen H : the emission of this gas from 
leaves under exposure to light, in conformity to this last 
fact, continues only for a certain time : and, lastly, the 
quantity of oxygen evolved is greater than can be supposed 
to be derived from the air which water holds in solution *, 
and the water surrounding the leaf, when the cessation of 
the production of oxygen has taken place, instead of be¬ 
ing deprived, i% as Ingenbousz has remarked f, saturated 
widh it, sparkles when agitated, and gives it out when ex¬ 
posed to heat* All these facts appear to prove, that tia 
^jproduction of the oxygen, under these circumstances, u 
kthe result of a function perfoimed by the living leaf, and 
capable of being performed by it alone, 

, Independent of this proof, the facts w’hich have been 
stated in opposition to this' conclusion are sulBciently ro- 
COucUed with it, if a discovery announced by Sennebier, 
and confirmed by Woodhouse and Saussnre, be regarded 
,as SQ$cicntly e$tablished,«-.that the production of oxy- 
;gea by plants^ exposed in conrectioii with water to the 

* l^^l^icnecs Vegetaux, tom. n. p. 193 
Ibid, tom 1 , p/ 1U8. 310. 

f ibid. p. 97. 71,269. 27k 

4 '^11'Ibi^ p. 1117. q Philosoph. Trans* vol. Ixxu. p 4‘1. 
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solar light, depends principally on the carbonic ^td which 
the water contains. Sennebier remarked, ^t/accordtng* 
to*the experiments of Priestley and fngenhousz, the leaves 
of plants exposed to light in ^ater whidihad bm boiled, 
gave no oxygen gas, a fact which he verified expen- 
ipent} while, when placed in welWater newiy drawn, 
this gas was emitted.' The object, thetn was to discover, 
what circumstance attending the well-water favoured this 
production of oxygen» and th^s, fiki^^hler supposed, isras 
a portion of carbonic acid contained in this water^ the de* 
< ompobition of which afforded the oxygen. He therefiire 
impregnated water with c irbonic itdd, in difierem pro¬ 
portions, and compared the quantity of air** given out, 
when leaves were exposed to the solar light in thele por¬ 
tions of water and in common water, or water which had 
been boiled. In the last, he found no air to be given out $ 
m the common water, a little was evolved ^ and a much 
larger quantity was emitted from the water impregnated 
with carbonic acid. He farther found, tldtt, after a cer- 
t im time, the impregnated water lost this supestority, and 
^hat it lost it inst xiuly when thd" carbonic acid was ab- 
''tracted by boiling, or by thq addition of lime-water j 
\Khilc, if a little acid was added, to "disengage the car¬ 


bonic acid from the lime, the power of furnishing oxygen 
was restored. These facts apphar to prove, that the pm- 
duction of oxygen, when leaves are exposli imr^nedi'^ 
water to the solar light, depends, if^n^ej(1^el^|yb &a6l 
m a great measure, on the decomposttiols landioiiit 


acid contained in the Water 

f 
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' 'N' f , j , ' ^ 

II^Bses^^^peiim^hts have been confirmed by other au- 
‘]tboiities.;ljQgetihouaz fouu^j that if v$;getables are submit- 
to the Action of the aolar Jighti tuidcc water which has 
.■ been bA4 strongly* no, oxygen gas iec^lj^ned i but, on 
itnpregnj^jt^ this wAter with carbonic acj,4, oxygen is ob¬ 
tained in qaantaty* and of gr^t purity Woodhouse 

foe^vdy^iihat the air produced by the exposure of the leaves 
"'■M plants te;the jin river water, was principally 

i,|i|iari:^en \ ’wKile,^h^pt^6fl^.,the sashe water, with carbonic 
;,racid,,jwa8 oxygen gas, of a high degree of purity. “ The 
Te^es thirteen different plants, separately exposed in / 
r ,fortf onnc^^^loreasuT^ of the water of the., river Schuylr 
product aboutsten drachm measures pf air, the 
princ^al part of which,was. as^otic gas i whcrcA? the same 
fb^od of leavei, exposed, in th^ same quantity of the same 
.Vat^, impregnated with carbonic acid, yielded seventy- 
'seven totdpEi'tneasutes of oxlgendus air, of a very liigh 

,.,degree of .purity.f.*!~ It is to, be observed, however, that 

■'"''Jl ''' '' 

Jirh^^‘.the ;wa^, is- too strongly imp>;jBgnated with the 
carbonlkr ACid* it proves injurious to plants. This was 
!|B8de^ned both by^Prii^tley and Xngenhousz. It is only , 

. i^en it is more sUghtly jh^regpated, as Ingenhousa has 
r^tnarjked, that ihdy; flourish, and that oxygen is cvolv- r 

too, which has been assigned 
l^^g^oqj^^'^hyvthe'h-ipd water .employed m the , 

influence the production p£,,oxy^ en,' . 

siir le's 'l^^getaux, tom. ii. p. 78,' 

^,>;3S!piiplson^ Joufsai, 8yo. yol; ii. p. 157. 

snr lef^^fStaux, tom. i, p, 290. j tonti*' it, 
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In water that has been hoi^dj th^ aifi Jt In solution 

IS expelled $ and hence, wh«o oxygen is eWied by the* 
leaf exposed to the solat light in snqb water, tho first J)or^ 
tlons are absorbed hy the water, and it 49<ee not pass to 
the elastic state until the water is 6atif!rate4> ^whlle, in 
common water, there is no loss from this cause *. 

A senes of experiments made some years ago by Count 
Rumh rd, has been supposed to afod results unfavour-* 
able to tile conclusion, that the production of oxygen de* 
pends on a function performed by the leaf, and connect¬ 
ed with its organization and life. In these experiments, 
various inorganic substances, such as raw silk, eider down^ 
cotton, and linen, immersed in water, and exposed to the 
solar light, gave out oxygen gas, some of them.in ^ large 
quantity and in as great purity as vegetables do f. Though 
considerable stress has been laid on these experiments, 
they are, however, little conclusive. In almost all of them, 
the experiment was continued several days before the air 
pr'^duced was wifiidrawn and examined; at£d Ingenhonsz, 
in some observations on tliem very justly remarked, 
that the production of the oxygen might be from the green 
matter originally observed hy Priestley, which is always 
generated when water is exposed to light with any vege¬ 
table or animal matter. Rumford himself, in relating 
ins experiments, generally states, that the water lost some¬ 
what of its transparency, and acquired a greenirii tinge 11 ( 

- —n . I I - -- -T---- 

* Pllilosopbioal Transactions Vol* Ixxii. p* 4S9. 

I Ibid. 1787, p 

J Experiences sur Kb Vegetau*, tom ii. jv 869. 

’ |l riiiUjsoph. Tian. 1787,?. $7. 96; 97. 100.102.106*j 

C3 
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and that, on examining water which had acquit** 

Hfd this g|«en tingei be :tbund, that the green matter, 
tlthleh> with Ingenhou&z^ he considers as a collection of 
oniibalcnlsef had been formed *. lu some of the experi¬ 
ments, tho evolution of air took place sooner th in it could 
be supposed mf matter of this kind was generated, but, 
in the experiments in which the air evolved at this early 
period was*examined, jit was found, \;iith the exception, 
bn one or two expenmmtss of the air from raw silk, to be 
not oxygen, but apparently nitrogen, or, to use the tcim 
in which the fact was expressed, « uas much worse than 
common airand il was only after the fifth or sixth 

day# when the production of the green matter might have 
« 

taken place, that the production of oxygen commenced f; 
and, in one of the experiments, the appearance of th(> 
green matter, at the time n^htn the oxygen began to be 
produced, is distinctly remarked ; on the fifth <lay, “ the 
water qhangUlg suddenly to a greenish colour, begin all 
at lance to good air m great abundanceHe ob¬ 
served also that the leaves of vegetables lost their power 
al endtting oxygen, when exposed in water to the sobir 
after an exposure of two or three days, (the or- 
gainxadon and life of the leaf being probably by this time 
itthveited); they then, for a tertam interval of time, iur- 
nsh no oxygon/-*^ fiset directly subversive of the opinion, 
hat any dead inorgamc matter, immersed in water and 
•apoaeid to light, will afib^d air, in consequence of afford** 

* t.* * 

. 1 .. <!*'■' . . . . * . . . 

‘ '^JPbilDSophieid Tiansoetious, 1787, p* lU. 

* p«103. 103. htlS, 

t Ibid. p. no* 
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iiig a surface at which the light can OD thfi water. 
But after this interval, they again lestuweo j^e |K)wer of * 
affording oxygen *, the peculiar green matter whkh a0bt4s 
that principle being then producedjr^ which strong¬ 

ly proves its agency in all these expenmehts* Ar^, laa^^ 
]y, Rumford found, that in employing a substtUtce which 

I • 

could neitlicr exert any chemical ag^ey on the^ater, 
nor contribute to the production of the peculiar green 
matter, but merely afford a surface, whence the ahr CQn«> 
tamed m the water might be explicated by the agency of 
1 ghty—such, for example, as fine spun glass i in this case, 

\ ery little air was extracted, ajtd the smaU quantity ob¬ 
tained, instead of being oxygen, was rather worse than 
common air, and, a» Rumford remarked^ was doubtless 
merely the atr with which the water had been overcharg¬ 
ed * These experiments, therefore, rather confirm than 

9 

tinaluUte those of Priestley and Ingenbouu. 

Lxperiments performed by immersing the plant kt wa¬ 
ter may still, however, be supposed lialdo to stnne sources 
of fallacy j and it must be considered as mote satisfactoiry, 
to determine the changes occasioned in the surrpttnding 
air by a vegetable in its natural situation. This has ac¬ 
cordingly been repeatedly made the subject of experi¬ 
ment, but with results far from being uniform* 

Dr Pnestley, at an early period of hie researches, had ob¬ 
served, as has been stated, that air injured by respiration, 
putrefaction,orcombu^tionjwasamehoratedbyplsmta grow¬ 
ing in It,'though sometimes it was rather farther injured f. 


• Philosophical Txaaiacttona, 1T87, p* US* 
f Rxpenffleat# on Air, vcd. i, 

C4 
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la c^y "^howeVef* ii appears from hi!» expcri- 

mexitS) tlial tli6 plant confined in the air was growing in 
e«rth i and the action of the vegetable mould might liav*. 
given to the result he observed. In other cases, wheu- 
he mereljrintrdduced the fiexihle shoots of plants, by bend • 
ingth^i into jars of air, the air was ameliorated; and he 
observes, that all the cases in which common air wis im> 
proved by vegetation, were those in which the c\pep- 
meflt was performed in this manner of which he gn c 
a number of examples, with regnd to diflTen'nt plant,. 
He found, too, that plants did not flourish when then 
branches were intioduced into pun oxygen gas, tliat this 
also was the case when they were confined in carbonic 
acid gas, either pure or mixed with a portion of atmo¬ 
spheric air. Dr Pcrcival, on the other hand, had ob¬ 
served, that carbonic acid gas, supplied to growing vege- 
^tables iti a small proportion, was favourable to thim 
growth f. And Mr Henry in repeating these ex¬ 
periments, had observed the same result t obsv iving, at 
the same time, that, when the vegetables submitted to 
experiment were confined in pme carbonic acid gas, they 
soon died^. Tngenliousz had rentarked, tlut plants, 
cemfined in an atmosphere containing a portion of car¬ 
bonic gas, decompose it, or convert it into oxygon n , 
when exposed to title s<!fiar light; and he stated, at the 
same time, that the dtmif application of this light is nc* 
cessary % so tliat, when it is twen only partully excludedj 


* Exptiimc'tits 6n<Ah, vol. iv. p. 300. 305, 307. 
f .hUndiesttr MemoxiS, vol ij, p. 31f>. 

' t Ibid. p. dJ7. 
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the conversion does not take place, and, in a dlirk place, 
oxygen is. consumed, and converted into cartxniic acid *. 
lie farther observed, that air vitiated by respiration ia 
leotored to its former purity, by shoots or branches lof 
yarious plants being confined in bottles filled with it, and. 
exposed to the solar light; and this happens without tfie 
presence of water: ” A leaf of a vine, indosed in ailask . 
capable c i rr ntaining about an ounce of water full of air 
infected by respiration, w ill re>esjtabhsh it in an hour and 
i half f The experiments of Sennebier nearly cor¬ 
respond with those oi Priestley, He found, that the 
air inclosed with the branches of plants under glass 
receivcis, placed over water, and exposed to the sun, 
was almost always a little ameliorated; and was 'still 
more so, when the branches were removed during the 
night, and when they were renewed every day, or were 
in connection with the plant. He found aibo, that when < 
blanche, were exposed to the light in this manner in nij 
trogen or hydrogen gas, rt newing’’ them every day, and 
ob-crving the rchult daily, there was progressively an ad¬ 
dition of oxygen gas, so that, at length, a taper intro¬ 
duced into the nitrogen gas burned brightly, and the hy¬ 
drogen gas, on transmitting through it tlic electric spark, 
gave a violent detonation J. 

This subject has been still more lately investigated, 
and several series of experiments performed, but with ta* 
suits which are stjll more discordant. 


* Experiences sur les Vegetaux^Jttmi. I. p, 52. 
• Jouniil de Physique, tom, p. 84*. 88, 
i Pliv-iologi'' tom, iii. p. 'i-"” 
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'ii'in. Dr 
' • l,\:> r,V“ 
';rn,ririn 

living, 


'the of there have h<?en pcrforn’,?cI hv [jt VVoou- 

V s , / * 

c 5 ] ;tr V, ‘ 

: liourei'^jpi^esssorof chemifitry nt Philadelphir’.. Ho ccn- 
; iKned ^ious plants in atniosph< ric air, expc. i; them at 
the same :timc to the solar light. C.irbonic r- i ’ gai was 

•■if' . ‘ 

..>■ generally,forfoed} and whenever this Llrcump/.;' . , happeiir 
e4',' the’putity of the air was fiiminir.hcd.’' i'.'ic vcfulis 
were similar when they were eonrr.cJin . gas, the 
plants however, generally soor, rfyIn th)‘. 

Wobdhouse, however, ia.tcv.d of iafoiri."; 
periments that the con&iimpti'';ii of ovygen 
of carbonic acid were fnuctior.- p.’ru'rmct! I 
plaint, rather concluded, that ti* 
bonic acid is from the leaves of t 
decaying, and the oxygen of i 
carbonaceous matter of th^; d{ :,d 
'.supposed, even, that the tarhoni 
the living .leaf, its carbon abb 
evolved. And in connnr.:’/ion t 

the expenment, that when leaves of dil}br:-:it 

»• / *», ' ' ' 

to the solar light in aimovpiicric air 
;ii(jua»tity of carbonic acid nn.^c-d v/uii iuthc ce.. 
'disappeared, and the armosj'shoric air was nn\d 


it tlii' rTCd.'L.':;.)'.! 

a 

ti.'. ca* ■■ 

i of the conlinct? 

i 

::i pai; 

of ihc .>ir 
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in purity. He found ^ihio, that leaver, immer, * wat..T 
containing carboijic acid, affon’ud (ixygcii on* v-. .uie to 
'•■solar light; while, if the coritedned n-,* '.bonic 

'acid, they afforded an air which was pinKipally n't .ogen. 
Hence he concludes, tint in ail cases where oxygen ..|;pears 
to be produced by vegetables, it is derived from the docomr 
, position of carboin<f*wcid ; and as little of this gas \ i con- 
the atmosphere, he supposes that the vegetable 
can have little effect in preserving the purity of 
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armosplicric air. The production of carbonic add* on the 
other hand, he regards as always arising from the action^' 
of the oxygen of the air on the carbon of the dead or de- 
caycd vegetable or of the soil. And with regard to the ^ 
gvncral action of vegetables on arniospheric'air, he re^,,.’. 
marks, that ** when a plant in perfect health, growing m'V 


a iod which contains little vegetable or animal matterf is " 
confined in atniosplictica! air, it will live a long time 
V. Itl.'out producing any cl.aiige in it. Many of the vege¬ 
table'. v.li'u'h were the subjects of these experiments, did 
not rjTrct the air in five davs; some diminished its puri-' 
ty in shiec hours, and others alt-'tod it in a most slow and, 
gradual manner, causing little change in ic in twenty 


Theodore de Saussurc appears to have formed aa 
opinion yiniilar to that r.'hi.?h fiacl helm adopted by 
Woodhouse,—that carbonic ad<l Is decomposed by grow- 
big vcgciablcc.: he considered tlr.s decomposition as thS” 
result of the process of vegetation ; as the source of the 
carboii of t!;e plant, and <)i the o.Kygen ic evolves. 
Hence his exnennicnrs, in his o\tensivc investigation of 
till-'. .'Ubject ], wore priucipaily directed to establish the 
facts with ror ircl to it j and in nearly ail of them plants 
were* exposed not to pure atniosphor'ic air, but to this air^ 
with a greater* or lesa admixture of carbonic acid gas. His *• 
cxpcrinients wore made by placing ;hc plants on w’hich he - 
operated, after they had attained a certain height, in a 
vessel, in the bottom of which was such a quantity of 

...... . I. — — ... i i... 


* «Nkholsoiv’5» Journal, 8\o. vol. h. p. 150. 
f Rcchorchts Chemiques sur la Vcgi^tion, 

' 4, 
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wefe immersed in it. There wer; 
fixtures sn various pmportions of at 
air land carbonic acid gas: and tlio vessel; 
' %cfe wier exposed to the solar rays or placed in tin 

#«'.• ' ■ '' ''Ki . 1 ' - . 

jj^lhade, ac^'ordmg to the object of the experimeni 
propfeica^ gas'did not exceed a twelfti 


t a^mbsphen air, it proved, according to Saus- 

^'Swei' favourable to the progress of vegetation, or th« 
flourished more than in common air ; when it ex- 
.(^eded^this much# it ^as prejudicial ; and in an air coji 
i'^jgistlng of half. its volume of carbonic acid gas, tin 
,'.PAnt$ perishefd in set'en days. At the same time, oxygLi 
ISimust likewise be present to admit of the plant receiving 
Wnefit of carbonic acid gas. In th< 

; ^if^mosphere, Which carbonic acid forms a part, and ir 
file 'i)l& vegetates when exposed to light, thf 
;-^^1bcmip''acid"isJ according to this chemist, always con- 
^'SuiAld i its carbon enters into the composition of the ve< 
gctable matter, arid part of its oxygen is expended in the 
minn^ while the remaining oxygen, with a smal 
vjiTiabl^ propoftiDn of nitrogen, are exhaled. 

the Khjca minor having been in- 

Ui ' ‘vx I ' ^' 

ihto a mixture of atmospheric air and carbonu 

' aciCjga?, (the latter amounting to 7f parts in 100), wen 

0‘tWer mrrciiry, on the surface of which was a lit- 

thi walW", fhe roots of th%''plants being in a separate ves- 
\iy. '. v ■ 

andiinder these arrangements were exposed six suc- 

eessive' days to the' direct rays of the sufi. On tht 

day thii ah^had suffered^^o alteration in volume i 

‘ . ' .... '1 1 ... 
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the phos>jiI.i»iii^ emUometcr inditatt-ti the propoiUoi* of 
vxygm lo be the oiiginal proportion, us determined 
by tlu.* phosphorus, being Or the following table , 
prerent the results mote distinctly : 

The origiiul air employed in the eiKperimcnt, contained 

t.t* 

Nitregrn gas ‘JU 92 cubic inches, ci\ygen car¬ 

bonic acid 21.75. 

The air, at the termination of the experiment, contaia- 
t d of 

gas 21S 95 cubic inthes, of oxygen 71.05, of 
carbonic acid 0. 

lienee 21’ cubic inches of carbonic acid gas had been 
consumed by the vegetables: if the oxygen of this had 
been all emitted, it would have occupied a volume about 
equal to that of the carbonic acid which had disappeared; 
but the t}uaiiti£y added amounted only to 14| cubic in- 
the > i hence 7 cubic iiitliet, or about the half of that ex¬ 
haled, is retained by the plant and assimilated, while a 
portion of nitrogen gas (7 cubic inches) had been ex¬ 
haled by it. 

From a comparatives experiment, Saussure adds, he 
found tint the seven plaiits of the Vinca minor which 
he employed, would have furnished, by decompo¬ 
sition in close vesseh, 9.93 grains of charcoal, previous 
to exposure to the atmosphere containing carbonic acid 
gas i while*tho same plants, after that exposure, afforded 
of charcoal 12.23 grains. These* rc^>Us> both, as to the. 
^consumption of caibonic acid,evolutioA of oxygen, and 
increase of rarbon hi tlie planti were confirmed by « 
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nottiber of experiments on other plants, (Mentha aqua- 
tica, Lythrium sallcaria, Finns gcnevensis. Cactus opun- 

jtU), and the general conclusion established, that under 

» 

exposure to light, plants always decompose carbonic acid 
bf their !eaf>res, retain its carbon and part of its oxygen, 
while the remaining oxygen with a portion of nittogeu 
arq exhaled •. 

It is this decomposition of carbonic acid ‘which, ac¬ 
cording to the views of Saussure, is the source of the car- 
boa in plants $ since, when made to vegetate in pure w a- 
ter and in an atmosphere deprived of carbonic acid, he 
found, that they increased in bulk only, without acquirir;^ 
any addition of carbon, or with even a slight diminution 
ofdt. But in common atmospheric air, where a small 
portion of carbonic acid is constantly supplKxl to them, 
amounting, according to his estimate, to of the air, 
he has found, (in opposition to Ha^senfratz, who had 
stated from some expenments f, tlut plants vejjot'iting in 
pure water, and in atmospheric air, contain, after tlieir 
growth is €Stablis»hcc!,even a h'ss quantity of caibon than 
before), that die proportion of carbon is augmented, un¬ 
doubtedly from this source. Thus the roots of the Men¬ 
tha piperita being plunged in bottles fall of distilled 
water, and allowed to vegetate, under exposure to the air 
and light,it was ascertained by comparative cxpcrimenti., 
that loo parts by weight of the plants employed, contain¬ 
ed 40*^0 of dry vegetable matter, which afforded 10.96 of 
carbon; xvhile after vegetating, as in the above txperimeijt, 

f - ■ -r.... 

* RechercUea, p. 42, 43. 

4 Anoalcs de Chiisue, to,m. xiu. 
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for months, the 100 parts had increased iu weight to 
216 parts, which dried weighed 62; and from these were 
obtained, by decompoairion in close vessels, 15.78 of 
charco.d, or 4.82 inoie than what they contained at the 
commeuceinent of the experiment. A similar result was 
obtained, when beans were made to vegetate in pieces of 
iiint, in a glass capsule, and supplied with distilled water. 
*j'he original beans gave 22^ grains of charcoal; wlnle 
after vegetation in the open air for three months, the 
plants afTorded 51 grains *. 

\\’hen light is not applied to plants, other actions are 
orerted. Caiboiiic acid, instead of promoting the vege- 
tuion, is hurtful to it, and does not appear to be decom¬ 
posed, or is decomposed at least only in minute quantity, 
lo atmospheric air freed from carbonic acid, the recent 
leaves, when light is not present, consume a portion of the 
oxygen, and after a short time, or some of them imme- 
diati'ly, form carbonic acid gas which is expired f. 'Jhis, 
if not removed, proves injurious, while the plant remains 
in obscurity. But if light be admitted, it is then rather 
advantagtous, the plant again decomposes it, retains its 
carbon, dnd emits its o\\gcn. Thus, if the vegetable, iJn- 
der exposure to light, Ik? inclosed in atmosplveiic air with 
4 portion of lime or a solution of potassa, which absorbs 
any carbonic acid that has been formed under the pre¬ 
vious abstraction of light, it soon dies, the leaves failing 
entirely fiom the branches in five or six days. If kept in 

the shade, however, the hm^ or alkali, instead of being 

* 

hurtful to vegetation, is ratlier farourable, as it l^movc^ 
Recherchep. 50, 52. 




*1 Ibid. p. ftl*. 5:r. 
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the carbonic acid gas, which the vcgctablci without the 
(iasutance> oC light> is unable to decompose *, 

, .These functions are performed by the green parts of 
plants, principally by the leaves. The root, wood, and 
even the pe^tls of the plant, yield only carbon to the 
oxygen which surrounds them. 

The summary view, therefore, of the function of re-.- 
piration performed by vegetables, and its connection with 
their growth, as given by T. Saussure, is, that plants vin- 
der exposure to light, absorb and decompose carbonic 
acid| whether supplied by the atmosphere, by w atcr, or 
from the soil; its carbon, with part of its oxygen, enter 
into their composition, and the remaining oxygen is rx- 
halod. lu darkness this oxygen, or the oxygen of the 
surrounding air, is again consumed or ab^oibed y it acts 
I'll the matter of the plant, combines ulth its carbon, and 
again forms carbonic acid, which is exhaled: on the le- 
lurn of light, this is decomposed, it^ carbon and part of 
'ts oxygen transferred to the plant, and Its reina.uiiig 
oxygen exhaled j and hence, if a plant be exposed idler* 


* Sauisure has remarked, that these effects by the Ume or al- 
iiah, are not produced on thick-leaved plants, as the Cactus 
)puntia, owing, as he suppose*, to the parenchyma of the Icat 
sdng BO thick, and the epidermis so clu&c,that they retain more 
.trongly the carbonic ac.id. li hmc only had been used, vi'c 
mght have been led to suspect that its operation ouglit be ow- 
as Mr ijlllis lus since nw^^stod, to its depnvmg the Icuf of 
mmidity $ but the same operation being excited by the aikaline 
oluiioby appeal i to preclude this objection. Saussuie had also 
lelbre remarked, ihafHhe operation of the lime h th*: same 
,;h?u It is piCMousIy inoist»’ncd with water-f. y , 

* *\.i de Chimi", ivm xxiv p 1 *6 
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to the light and shade^ neither the volume nor 
rity of the air h altered. It is only by submitting to se¬ 
parate ci.amination the effects in the shade, and under ex¬ 
posure to light, that these are dtscoyered, and thte pve- 
^ ceding results can be t stablhhed *. 

A series of experiments has been lately published by 
’Mr EHh f, which present a different and more slntple 
\iew !,e offects of vegetation on itmosphenc air, and 
of the biure u^hich it has m They lead to 

tlie importunt conclubioa, not before, 1 brheve* distinctly 
ad', .meed by any of those who have investigated tins sub- 
, |ect,—that the iuiution of respiration is, as to its results, 
liic same in vegetables .13 in antmaH *, that the foritter as 
well the Utter, in all situatioiib, con^^ume th« oxygen 
of the c’lr, by ciMivortuig it mU> caibouic acid* 

It had been sufficiently esubhsluil by the experiments 
of Schiele, IngenKousz, Gough* Cruickshank, and others, 
thaf^ liunng the procebb of gennlnatiitm, oxygen is con¬ 
sumed and carbonic achl formed. But it had been al¬ 
ways imagined, that when the germination is completed, 
and the structure and powers of the plant developed, this 
ceises, and other tunctions commence, giving ribc to very 
dideient tebuhb. With regard to the changes effected in 
the surrounding air, according to the experimentb of hfr 
Ellis* the same process is still contiufied $ and in vegeta¬ 
tion as well as in germination* oxygen w (mnsanted and 
carbonic acul formed. 

li 

• Rocherches p. 91, 

f Inq^airy luto the chi^ges induced on Atmospheric Air by 
the Oernaiimuon of heeds, the Vegetatkm of Plasti, and tue 
< Rcbptiatioti of Animals* 
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:«e riac«l «>me seeds of mestard, wh.ch liad beei 
bttBfeit to on moistened flannel, and had grown 

Wight of more than an irKh, in a jar of atmosp-he- 

ed Sth hltWlE.^ A qnantity.of lime-water m a glas 
.^.splaWd'Wrreath the hoop, and the mouUr of the tn- 
itt sras sVrroundod with water. In a few hours a 
^$a-i.«r.cle overspread the lime-water: at the end o 
^ iWentv-fonr hours it wis very turhid. and the water ^ 
ei&il^'^iHdt wi.hin-.he Jar = a. the “ 

dwit had risen hearty an inch wnhu. the jar: the pl,.nts 
ii^an to'iool. sieUy, gradually drooped, end W the 
tiUh fell ao«^n agamst t^e sides of the jar. <- rc- 

mflkyt whh a furtWr d-minution of volume. Its o^n 
therLe haibtot consumed, and carbomc acul formed. 

; TheW^hW v«re similaif when Ae eapenment was per- 
^oTincd oVejT 

In s«b.e;jqa»t ea^iments, .he changes in the a.r were 

iet.rmi.ie4,w^:*hlt >horc and 

l^rjoi^rtiusame, Its-oSygen was umformlycon- 

,„d fj^ed bTr aphonic acid gas. the Ptopott.on 
vi^ thdl iW^ the whole little^^'- 

caAonicuuid gas produced, be- 

■’*■^^"44.hf,-Si . . * •/i'll ♦a-—e. jQ-(Jig■C^wi^wttoede Car* 

jpgvoiirs to shew* not taece^ 

% since the plant dies when it 

. It* if oxcygm be hot present] 
it Ttt^S'attd foiirishes as long at 

ft , ‘ , . • istfy • Aii w‘ .# 
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'll whicli plants died <ivhcn a quantity of lime was put in¬ 
to the jar in whicii they were confined} so as* to abstract, 
the* carbonic acid, ho explains on the supposition, tlut 
its decuy was owing not to tliis abstraction, but rather to 
, the abstraction of the hutnidiry of the plant by the lime $ 
am! he found, thi*^ when the carbonic acid alone is aht 
struct d, A*> by sidutlon of potassa, the pknt does nOt de¬ 
cay froi *i •. (ause . The experinfen^s of Priestley and 
Inge»'hous7., in proof of the e.jrisbujji of oxygon by tbnf 
leives of plants when immersed m water and acted on by 
S*g't, he contends are iutonclusjve, as the leaf in this si- 
. iu:ticm, and esp''c..illv as detached from the plant, cannot 
I c •^upn(''''.td to perform its natural function. 

1 have repeatedly witnessed Mr Ellis’s e^perilncnts^ and 
been fully 8atl^fied of thcii or that the results 

were precisely dtscrihcd, aiul efat^blisbcd without any 
apparoi.t source of fallacy. Yet from the preceding ac-* 
tount u must be obvious, that they .’re irreconc'hble with 
the eirperiments of otJaTs; .md although they agr<fe with 
the experiments of Schi*e]e, and in some measure with 
ihobc of WoodhouM, yet titc dtscoidance with tliosc of so 
many uthets leads to the su-^picion, that there are still 
some circumstances having an important influence in these 
operations, which give rise to such differences, and which 
require to be ascertained. The wliole subject is still in** 
volved indeed in such obscurity and uncertainty, that the 
most opposite facts appear to be established by difierent 
authorities.* 

Ttiis last result is however at variance with the eaperi- 
^ nients of Saussurc, iu which the alkaline solution is said to have 
had the same bjunous operation on the pian{ as lime had. 

- ■ 
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ThuSf 5ii4e{»cn<letot of the question wiih regard to the 
« 

prodttctio^ of oiygen by leaves exposed under water to the 
$o]ar Ught» #hich has b^en already considered, thcie'are 
results with regard to the nature of the changes pioduced 
by plant<i fU tKe surrounding atmosphere, whitU appear 
altogether irreconcilable. That they consume oxygen 
and {brm oarbofne acid, not only m the dark, (for thi^ ap^ 
pears to be admitted by ercry expenmemer), but under 
exposure to light, appelrb to be establialn d by some cf 
IPiiestley's early experiments, and by thott of bthcfle, 

% 

at well as by ihosse made by JMr Elln j and that ovy- 
gen even sustains the life of v«g{ tablewhile the other 
gases prove fatal to them, is proved by^the cxpei iment, of 
|ngenhoU'«a« to be immediatel y stateth On the othc r lund, 
that planum consume carbonic acid, and give out uvy,;( u 
gas, not only when immersed underwater, in which ca.>e 
a source of fallacy has bceU supposed to exist, but even 
when placed in atmospheric air* or iii carbonic acid gas 
in a state more or less diluted, is directly proved by other 
experiments of Priestley and of lngcnhoU'>2, as woll a$ 
by those of Woodhouse, Sennebu*», and Saussuie, al- 
* ready referred to. The subject is at present peiliaps in 
that state in whith we can t carceiy draw a decided con- 
du|Ron. Tet the weight of cv.dencc, I mufct confess, ap¬ 
pears to me still to prepemderate m favour of the conclu¬ 
sion, that vegetables absorb and decompose carbonic acui, 
and gtve out dxygen when exposed to light j for the ex- 

% 

• Experiments oa Air, vol* h p. 01. j voL iv.p. $9G, SOCI. , 
305 , See, 
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j;prim"'nts which establish this,^flrc eittremely numerous 
and diversified, and no source ojf fallacy hastfecn |iioimed 
out, <.uScient to account for them, suj^{K)»ng the fact not 
^0 be established. It is true, that there aie still s'se* 
riance with tlL‘-.e, the erpeninnita winch appear to prove 
tlw consumption of oxygen, tmd the formattou of car* 
b nic acid j and it were dcauable to dlsi^over the ebreum* 
stanct I y which they may be reconciled. In thew* expe* 
riments it appf ari to m", that there is one source of error, 
whuK ha-j V >t been suOitiently estimated, and which may 
t\ u have gl\en rise to the rettults ih.it wore observed* 
The p>rit, submitted to experiment, both in the experi¬ 
ments 11 Svbeelc and of Mr Ellis, weie those the white 
and suv^jl.iit sum?, vf which arc hrge proportio^d to 
then leaves j sucli, fot example, as peas, mustard, &c, 
Now', It appears f»om the experiment* of Ingenhousx aud 
Saussu'e, tliat it is only by the green parts of plants that 
ciirbonic acid is decomposed and oxygen evolved $ white 
ii( m the white and succulent parts^ U is V'^tibllshed by 
b lu urc, that Carbonic acid is fpimed by the action of the 
o\^g*‘n of the su tf'Uiii'tg air upon them s and Ingen* 
housz many \c « > ag i .. nked, that the pMWwr cf anie- 
I’orating the atmospheu, is exeited only by the teaie> t 
that even t)ic jitteen si oot i possess it imperfectly, and that 
it is not possessed by the flowers or ftuit ** 

An important diihcuhy hkew^w* pre onts itself, on the 
RupposiupQ that plants consume oxygen, and form car¬ 
bonic acid* Whence is the ^mree of the carbon which 
fon«« this acid, as well ^s of that lajhkh likewise enUns ia«- 


• Jautpdl de Phyaque, tom, xxviih p. S7* 
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to (syim() 0 »tion of the vegetable mattci ? When the y 
grow in a rfeh soil, it might be supposed tlwt from this 
dhere wi!l be a sulScient supply of carbon* But when 
thVy grow in water and air <dono, the quantity of carbon ■ 
acfious matter originally contained in the seed and root, 
will be found not Sufficient to form the carbonic acid, 
which'm conformity to this \iew they must be supposed 
to exhale during their growth^ and still less that which 
* enters into the conijiositiwi of the vegetabk itsc If. Nay, 
if we consider to how short a distance the root*- of a plant 
extend in the soil, how little of this soil is carbonacocai* 


matter, and how seldom, with regard to many plants, this 
(Soil requires to he rcueiAcd, it will be perttntd, that 
thou^ It were supposed that the t irbon, which in the pro- 
, gress of the growth of the segctnble is fixed in Us t im¬ 
position, were derived fiom the soil, it is impossible, on 
the supposition that plants are constantly consuming oxy- 
geu WJd expiring carbonic acid, to suppose, that the much 
larger quantity of catbon which must thus be expended 
ip the formation 6f that acid, can be deiived from the 

4 

spmt^ source* It is true, that such a uifHculty cannot be 


opposed fo experiment, were this direct and incontrovert¬ 
ible ; tut where the experiment is otherwise, and is op- 
poseif by others, it is certain that such a difficulty must 
hkte much weiight, 


It iito be observed, however, in concluding this sub¬ 
ject, that the changes effifctcd by plants in a state of full 
|powth and vigour, on the surrounding air, are hiuch less 
Ifbait base been Imagined, and that when supplied merely 
Vlrith water, they are so incotaidetabte as not to be very 
perceptible. Thus llassenfraty inclosed the branches of 
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j;rowing plants in atmosplu'nc <iirj thr rpots being either 
j!i water or in efinU, the fiurface of which vfas covered 
wii*h a plate of tinned iron, having an apertnre in* it 
thiough which the stem rose, ind this aperture being ex** 
actly closed with soft w’ax, so that ajar sr^ported on the 
pkuo had its orifice surrounded witli waten In both those 

f 

n.odes of raakurg ih" experimem bo found, that though 
the phiit. prew, y”t ni the end of a m«anth and a-hall or 
two miMih--,, the air remained u;falrcred in volume, and in 
the f’opoitonof oxygen'. It ts probably principally 
fi nr tire soil that plants derive tliOir nourishment, and 
ihey are unquestionably much less depjtident thm ani- 
in. h o.< the surrovinding air. 'lliey require also a less 
supply of nutrvtu'us inaner, as thcii growth is muclfmore 
olovr, and they lose !(•■»> by any oxcr^tior, 

tables arc capable ot being acted on by the other 
acri il Ihi’iU, and of *iOtmg on them *, though, with regard 
to this, constdeiable diversity ptevalls among the exp€frU 
ni *nts of tliil'erent chemists. According to Scheelc, vege- 
fal)K *> du not flout ish in oxvgeu gas, but on the contrary 
<iecay ind die f: i 1 the ^emc conclusion was drawn by 
Ihjesiiey from Ins fiApuni’ents j;. Jngenhousa, on the 
contrary, alUrnis, that j plant conflned in oxygen gas, and 
either exposed to the light or kept in a dark place, vege¬ 
tates ^ely U'cll, and in general lives longer and is mure 
vigoious than when it is inclusod in a similar quantity <'f 
atmospheric .ilr} and it lives stilUonger if tlit carbonic 


* Annalcs de < hinwc, torn, itiiu p,, il2o. 

Cbenucal Observatmns and Ekp'*runi.TiT , p. Iu6* 
Expeiirnsriwon Air,\J iv. p. 320.; robs, p, 13 

n 4. ^ 
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acid gas which it gencratesf at least when kept in dark* 
neast be abstracted, than if it be allowed to remain. The 
Jii^sence of oxygen gas, according to bit. expcritncntt., 
eti ibles it even to resist better the pemicioub operation of 
other aferial fitdds *. The results of Saussure’s observa¬ 
tion’^ appear, on the other hand, to agiee with those of 
Scheme and Vfiostley i a$ he found plants to Nourish less 
when i.< pOin the si ade in pure oxygen gas, than in oxy¬ 
gen diluted with mtrogfTj or hydrogen, either fiom the 
immediate action of the - aygen or from m >ic ctiboiiic 
acid being ftrrmed f There is some reason to belifve, 
that in all ihe expciunents in which oxygen has appeared 
itijuTitnis to vegetables, it is from this last cau^e iliat thir 
has dVisen, and that d recUy it is rather useful, and is 
even nt^cessary to sustini the functions of plants. This 
in partktdar appears from plants dying when kept /« 
v«ci«6t, ami rdtewise from the effects of the other gases 
upon them> 

l^rlesttey foiindi indeed, that plants grow perfectly w’< II 
in nitrogen gas, or in air that had been injuted by com¬ 
bustion Of respiration I : but, in oppo^ ition to this, Ingcn- 
1 hou &2 afBtrma, that the gases which are noxious to animal 
Jffe> nitrogen, hydrogen, and carboiiic acid, prove injurious 
like wise to ycgetablea* When young plants are confined 
in any of these gases, he found tlicm incapable of resist¬ 
ing their noxious operation, either in the shade or undei 
exposure to light* and even when they have acquired 

.. . ..... . III I 

* Expp’Kwea snrles^Vegetaux, tom. ih p. JO. 3S, 21. 76. 

f |tec' ( iches, p. 02. 

f fexpcrimcptf on Air, vol iv p. SO''. 826 
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more vip'our, nhhough they resist it for a few days un¬ 
der favourable circumstances^ they at length decay and 
die *• *. Carbonic acid gas appears, from his experiments^ 
to be peculiarly injurious to vegetable life* especially if 
•K noxious quality be not counteracted by* exposure to 

solar light f. And if a plant be inclosed in common air^ 

« 

or in oxygen gas, and be kept in a dark place, if the car- 
« 

boiiic ail id't peneyates be abstracted at intervals, it grows 
better tluin il it be not removed :}%* Priestley likewise ob- 
rved, as }' i. been already stated, that carbonic acid gas 
IS injuiiiuis to vegetable’s 1}; and even Percival ami Hen- 
. ry, who ^mtended for its utility, admitted, that it proved 
hurtful if i 1 It'j pur<* >tate, or uitmixed w ith oxygen. Hy¬ 
drogen gjs Priestley iound to be less injurious; and*by 
some j ’ oir^i, as the wdhm, he oh->OTvevi it to be absorbed, 
without nijury, ia loiisuierablf quantity an observa¬ 
tion coniirnied to u C‘ rtain extent by Ingenhousr, who 
farther observed, that the plant, when exposed to the solar 
1' 'ht 111 liydtogon gas, gives to it oxygen, so as to render 
It , 1 * length < ipable of exploding, on the approach of an 
ignited body §. According to the obsemtious of Hum¬ 
boldt and others, hydrogen appears to be even capable of 
supplying, to a certain extent, the place of light, and of 


^ Evperiencps sur lefc VegetauK, tom. h. p. 5. 

{• Ibid. p. 72. i Ibid. p. 76. 228. 

ii Bxperimenta on Air, vol. uL p« 303. 
ij] Ibid. vul. IV. p. 320« 330. $ voh v. p. 2. 

§ Experiences sur Vegrtaux, tom. u. p. 330.; tom. i. 

p. 2}>:. 
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enabJiOg plants to reraiii then green colour, which they 
otheTWii»e lo^c vihcn Hglit is excluded ** 

Mr Davy some years ago obseived, tint ^onie plants, 
muiKUu't fur ex<inj])lc, grow in hydrogen gas, mi hen sup¬ 
plied at the same time with watei, absorb a poition of it, 
and, when exfniscd to light, give out oxygen; wlnle 
otli^, us fox^jiove or hemlock, die in it very quickly, 
IJe observed a sitnilar difFerence with regaid to carbonu 
acid gas: many vegetables, when Cfinfimd in r, and ex¬ 
posed TO solar light, flourished, part of the < irbon c acjJ 
was deeomposc*d, and oxygen evolved 5 whili oiiicr*, 
especially aquatic plants, die in it in a very short time f, 
Mr Gongh found, thdl nitrogen gas is ir junous to 
growing plants. It mher appears, however, from his 
expcitinents, to h ive exerted no positively noxiou'^ p wtr, 
but to have provtd hurtful only by i \cluchng oxygen ; a.s 
when the plant confined in it w..s tr.tnsfcrri'd to atmo¬ 
spheric air, its powers of v'»(,etation wire renewed. He 
concludes theiefore with Ingenliousr, tliat o.yg 11 is i.*- 
ccssary to •»ui,t 4 in veget.tble life 
Saussure, m hU late experiments, Ins likewise iln.ciod 
hfs attention to the influence of the difliieat ga^cs on ve¬ 
getation. Nirrogen appeared to be incapable of sustain¬ 
ing it: jho plant continued to glow for a short time, in¬ 
deed, from the portion of oxygen wfiith its green parts 
exhale; but plants mot possessed of such parts, or de- 

. . wn . .. n m m i 

• Jouraal de Ptly^ne, tiwn. slili. p, SOO. 
j- r f^ethloes’s Medici Contributions, p. Z56, 163. 300i 
Researches, p. 563. 

I Kn.holson% Jouraal, vol, ix. p, 217, 
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jiilveci of them, trere found n<;t to vegetate in nitrogen. 
.Some vegetables, m Inch the green parts were abun- 
Jant,’flourisheJ m Jt for a considerahie period. In dark- 
ness, pi ints confined in u e\haled carbonic add. The 
gonn-ai results, with rcc ml to vegetation i|i hydrogen gas 
and in c irbonir oxide gas, he found to be nearly the sana#* 
ai in iiiirogcn ^ • » 

Tin r» '*. of vcgetablf s pciform Funciions "wnth regaid 
to icnal lii. ! d'fferent t’-oai the ives, Tliey consume 
It, and form c nboim acui *, and they are injured, 
II d u Liigth decay, when tt>nfiii«*d in carbonic acid, ni- 
•trogeii, or hydiogon gis f- The «:tems and branches of 
plants coiidned m atinospliMic air v tuie it either in the 
shatlc or under expofure to light, without changing*its 
vtlupi , a, they replace the oxygen they consume by an 
ctjud volume of carb mL acid gis The green membra¬ 
nous tissut With wJ uh these parts are covered, counter¬ 
act-. this under exposure to hglii, by decomposing part of 
the I nhonic at id which is formed j but the effect of this 
i'y \ery trivial 

The flowers of plants produce changes on the air simi- 
^ lat to tln.e produced by the roots and branches. They 
appear to exhah' also a portion of nitiogcn ga$ in the 
shade ||. 

Secretion i. a function performed by vegetables, and 

^ subservient to the formation of their sevetal products* 

Were the sap which they absorb, and which is conveyed 
* 

• Rcchctthcs, p, I94f. * 

, f T. .Saubhure Rechercbes, p. 101. 109. 

tlb'd. p. lie. 11 Ibid, p.m 
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thfOiigh their vebex^ls, mcicly changed by the fatiction oi 
tespsMthMi atui the action iight, onepfoi^uct only could 
l>c fdri)ac<i from it in each plant; but vc*j j d/fFt-rem pro- 
/ ducts are formed and deposited in diffeiej.t pirts of the 
vegetabh’ i and the formation of these must be roga 
as dependmg on the action of the vessels, and thurciute 
as arismg from a function at^alogous to secretion in ani¬ 
mals. Tlie organs in -which this is performed arc not 
well determined* Th& utricles, or those bundles of ves¬ 
sels found in the stem and other parts, have bten cor'i- 
deretl as secreting glands i but this is not est ihli du d by 
any proof. The secreted substances arc probably design¬ 
ed to serve some purpose in the economy of the vegetable, 
or to protect it from external noxious <igenis. They con- 
■StitutetKe principd pros.imAte principles of plants. 

After these observarioni on the functions of vegetabl *s, 
we liave to trace, as far as ran be done, the »ipcratioii of 
those substances which are received into the v« getable 
Bystem, and those processes by which iheie an n inverted 
into the varieties of vegetable matter. 

The seeds of vegetables con'-i-^t of two c^senti il p irt'?,— 
©f the Germ, or small bud, the part endo-vi«.d vuih life, 
and the rudiment of the future plant | and of the Cotyle- 
dotiSf OP seed lobes, which are connected with it, and 
which, in the d^velc^ment of its powers and the first 
stage of its growth,appear designed to afford to it nutritious 
matter. In the germ two distinct parts are discoverable,— 
the radicle, which descends from the seed,* forming the 
root, and the plumtda forming the stem and it is con- 
■fseted with the cotyledons by slender vessels, uhich ra% 
Clirough thcti substance, and which unite at their 
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Lonnecthtt with the p rm. W'lwn the seed is pUiitcd in 
the ground, or pUced in other bltastions f*irour^h to its 
Vi gepjtion, h .ibsorbs muht rc, and swelhi the radich* bc^ 
gihs to shoot out, and, at the same time,tIie8uki*anciSfof 
.ih.fseed lobes sufTct > a chinpe in its qualiriL^'?, the fecub 
oi 'which it principdly consists bfmg concerted into su¬ 
gar* 'Ihls con-titiiies the vegetabk* function of geivniu- 
atioit, the stage of vegetation, and, cvhfii petformtu 
o j c^iia n gi Jins prol minary ro fpimctitation, the procts* 
cl n'ahiiig. Its conncttioit w’th ihcae piuccsse^, it 

\\i,i tvpv audly examined, and the princip d facts with 
• regard to it haw been deti rmnied. 

It has been . ncmmed, tl at the pre'^ence of oxygen is 
indispensable to germination. If Sf ejs moistened * are 
p! t. d m \\i ;/cJ, they lio not gerniijiiti^; as was long ago 
asccri.uned by Uujh’, in his cxpeiunewts with the air- 
pump. If they are confined in nitrug^n gas, hydrogeu 
gas, caibomc at id, or nitric oxide gas, or if they are placed 
oci 1 (juak liver, gf nnination does not take place. "When 
nnmer-td m wut.T from which the atmospheric air is ex¬ 
cluded, they swt‘11, and ihe radicle ts iotmed, but vegefa- 
ti( II make, no f nther progress. And in all ihcsie cases, if 
the seed haj hu n moi toned, the hfe of the germ is hoon 
lost, the matter of the ^eod decomposes and bccomos 
pntnd, and a portion of gas,'consisting of carbonic acid, 
with a littli* carbonic oxide or carburetted hydrogen, is 
disengaged, riicse facts have been unequivocally deter¬ 
mined, by the repealed experiments of Scheele *, Acliaid, ' 


* Treatiie on Air and Fire, p. 151, 15S* 
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Ingciihousz % Gough f, Cruickihaok 4 , Huber |l, anJ 

* 

• Whtn atmo'jplu'tu atr or oxygen is admitted to tin. 
moistened •^eeJ, germination soon conimenctfs, aruh at the 
same time, the oxygen is coni.unit*d, and carbonic jc^J is 
formed, as appears to Ium bieu hrst ascertained hy 
Scheele, and as has since been tsublishcd by the o'pcrj- 
mciits of all those who luve investigated this oubjcci 
The germination is ew,ii nicie npnl m oxyg^’i th n ui 
Atntospbenc air, Ao Huber astertanud, both by fxpoi ig 
seeds moistoned to oxygen gas §, and by placing ih^m<, n ^ 
comparative expcnmeni, in common water, and in watti 
impregnated with oxygen ^ It was likewise found by 
Huhiboldt, that seeds which horn having b cn long kept 
did not germinate when moM»tene<l and exposi d to * m • 
spheric air, began to geimmate when moistened Wi»h 
water impregnated with ovy*muriatK and, which iflord- 
ed oxygeai to them in a more condemned state , and ihrt, 
by the application of the same liquid, the gum itt on of 
seeds in their usual state was always acccleiatcd 1,- f ict*- 
which have been confirmed by Von Usiar 4 md T S m 


* Jiournal de Physique, tom ).x\m p. fe*?. 

•J* Manchesttr Memoirs, \ol. iv. p. 310 
4: Hollo on Diabetes. 

H M^muiits sur k Girmf^Uon. 

<jj Inquiry into the Changes tfllctcd in Atmosphiiu. Air, 
by Germination, Vegetation, and R> spiration. , 

$ Mt moires sur la GLtmmativn, p* 19. 

^ Ibid, p. 141. 

4 I'hdoM phical Migavine, vol 1. p 3U9. 

I ObiCivatiwkOB Plants P* 138. 
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sure *. Huber found, however, th.it ahJiough oxygen gas 
iiccelerates germination, it proves rather prejudi^^i to the 
pr- igpess of vepetai.'oii, when the parrs of the enibryo phut' 
hepo to expand ; and in twenty'^ four LourSi it was nec^S- 
sp.ry fo remove the oxygen gns, as otherwise the radicles 
l)e\>mc brown and fl<'C.iyed j. The prescricc of a iiftle 
carbonic acid gas with the oxygen gas, hv found riither 
U'L'ful, p>-Oivdoly by diluting if j for in atmospheric air, 
th ' progress of germination i-> rajhcr fivourcd if the car- 
acid be v.'i:!idrawn as ll is funned, as S.>ussure 
fourkl j and a largo proportion of it w-as found by Huber 
. to be hurtful, even when oxygen was present 

Sehceie observed, that during germination, the volume 
of the air is not sensibly ahered, or the oxygen gas dori- 
suinec! ij, repheed by an equal volume of carbonic acid 
gas,—a fact whlcli was afterwards ascertained with pre¬ 
cision by Ct nick shank. It has also been establibhcd by 
Saussuic, who ha'- farther endeavoured to show, that the 
quantity of o^ycen winch disappears in germination is 
that which is necef.-ary to the production of the quantity 
of carbonic acid that i.i formed. In his Calculation, how-, 
ever, on which this conclu^sion is founded, the quantity of 
oxygen contained in atmospheric air is stated too high, as 
Mr Ellis has remarked,—an error arising from his raking 
I^iavoisier’s estimate of the proportion, as being in- 
stead of as Saussure himself found it to be, by the 
phosphorus eudiometer jj. Mr Ellis,’ in making the ex- 

* Rcchtrehc^, &c. pv 4*. 

f Memoires sur la Germination, p. ilQ. , 

Memoircs sur la Germination, p. 55. ,75. 71?. 

II Philosophical Magazine, voh vii. p. l.'iS. 
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jperin^ent, obtained a rcsnlt very nearly corresponding with 
;that ob^ned by Cruickshank ; the volume of carbonic 
Si^id gas produced being nearly equal to that of oxygen 
^.^afl.^consutned : a small diminution was perceived, . <t ex¬ 
ceeding one-tenth of the volume of oxygen consaivied, 
and not greater, therefore, than what might fairly b)'' a- 
scribed to the iilight condensation oxygen experiences in 
its combination with carbon 

The fa^^t> then, estahJii^hed by these experiments, that 
the q[uaiitity of carbonic acid gas produced in germina¬ 
tion corresponds with the quantity of oxygen gas which 
is consumed, leads to the conclusion, that in this process 
no pairt of the oxygen which disappears is absorbed by the 
matter of the seed, or enters into combination with any 
of its principles, but that it merely abstracts caibonaceous 

* A 

matter, so as to be converted into carbonic acid. 

Some chemists, however, have been disposed to con¬ 
clude, not only that carbon is abstracted from the seed in 
germination, but that a portion of oxygen enters into 
combination with its remaining elements, so us to form 
the saccharine matter which is the product of that pro- 
cess. Thus, Mr Cruickshank, from considering that car¬ 
bonic acid is evolved from moistened seeds wlien oxygen 
i$. not.present, as when they are placed in nitrogen gas,— 
a fact ascertained by his own experiments, and since by 
there of Huber t,-—supposed, that the formation of this 


* Inquiry, 9* &c. 

I MemoireB, ,&c. fu 170. 175. He farther asceitained, that 
wihesj 8t’f‘ds are placed in hydrogen gas, a portion of carburet- 
ted hydrogen is formed. 
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acid is owing to the decomposition of the water^ the oxy¬ 
gen of which combines with carbon from the that 
therefore, in germination, the same changes will happen | 
and I’^t the quantity of oxygen which disappears ii|h- 
pary ;jbsorbecl, and enters, with perhaps a proportion of 
from the water, into the composition of the 
saccharin)^ mattcr-iCirmed in this process. This reasorAng, 
however, is not very conclusive ; for, admitting that wa¬ 
ter is decomposed by humid seeds, when oxygen is ex¬ 
cluded, it (Joes not follow, that this wilt happen when 
oxygen is present, and exerting its chemical affinities. 

• That in germination the matter of the seed not only 
suflVrs an abstraction of carbon, but receives an accession 
of oxygen, may, however, be inferred w’ith some proba¬ 
bility from the chemical composition of sugar, the sub¬ 
stance which 16 formed during this process. It contains 
a large proportion of oxygen, not less, according to La- 
voi&icr^s estimate, than i54« in 100 parts *, and ’this large 
proportion can scarcely be supposed to arise merely from 
the increase in the relative quantity of thb principle, from 

, . * -A 

the abstraction of part of the carbon of the fecula of the 
. seed. 

The question, whether, besides the abstraction of car¬ 
bon which takes place in germination, there is an addition 
of oxygen to the matter of the seed, might be determin¬ 
ed, by ascertaining whether seeds which have germin¬ 
ated lose weight, and whether this loss is exactly equal 
to the quantity of carbon which has been abstracted, 
estimating this from the quantity of carbonic acid pro¬ 
duced.* The detetmination of this, however,is difficult $ 
for, during germination, seeds always exhale pairt of tb^ 

E 
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water with which they have been moistened; and it is 
dHEicaltj^ estimate the loss of weight they sustain from 
t^s cause, and which must modify what they lose 
from the other chemical changes connectejfiVvith 
the process. ” Saussure states, that a seed, broughlj ii^ter 
germinadon to the same state of dryness as before vi^at 
process, not only always weighed less, but the diminution 

tk 

m weight was even greater than could be accounted for 
by the abstracte'd during the germination, ami th." 

small quantity of mucilage that might be dissolved by th ■ 
water in which the seeds had been macerated. 'Fhus, ho 
placed a number of peas, weighing 200 grains, over, 
mercury, with five times tlieir weight of distilled water, 
hi a jar filled with atmospheric air. They germinated i 
and, at the end of two days, 4^ cubic inches of carbonic 
..acid were formed, containing, according to Lavaiaier’i. 
estimate of the composition of carbonic acid, 0 . 8 .) grains of 
c^rbdn j <|ie water in which they had germinated had dis- 
i, solved a little- extractive or mucilaginous jnaticr, which 
by evaporation was found to amount to 0.75 grains. l li» 
ileeds, in drying, still continued to form carbonic acid, in 
- quantity rather less, as appeared to Saussure, than what 
* wad formed at the same temperature, and during the same 
time, in germination. Assuming it, however, to be the 

» 

same, the seeds having required two days to dry, it fol¬ 
lowed, that in that time they must have formed other *1^ 
cubic inches of carbonic acid, or lost 0.85 grains of carbon. 
The total loss^ therefore, by abstraction of carbon and 
mucilage from the^eed, amounted to 2.45 grains; and 
when bronght, after the germination, to their original 
of ^hes/, they ought just to have been this much 
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in \p-eight, or have weighed 197.5 grains^ hafd the 
change they suifered conbibted merely in the ijH^stracdon 
of c|rbon ; w-hilc, had they received oxygen from the wa¬ 
ter fc loss must have been lessj or there might have eveti 
. beih^ on the whole, an increase of weight. Sailssare 
f, \<hd, liowever, that they weighed only 1891 grains, or 
11 grailless than they did iti tlieir original state Now, • 
this result renders the w'hole experiment dottbtful; for 
since the loss of W'cight amounts tg 8.5 gratiM more than 
what Cuiii be accounted for by the quantity of matter as- 
c(TLined to have been abstracted, it proves, either that 
. the expcrinjcnt had been inaccurate, or that a quantity of 
water had been dissipated, and that the .seeds had not re¬ 
tained the same quantity after germination which they 
iiad contained before. Saussure supposes, that, during; 
flu* drying, part of the oxygen and hydrogen of the seed 
liad combined to form water, which had exhaled. Whe¬ 
ther tills be admitted or not, tlie result is suibb, that no 
cirtain conclusion can be drawn from it. 

The expeliniunt, to determine, whether seeds lose 
weight by germination, had been before made by Mr 
(luugh, in .1 niannci less liable to fallacy. He placed 
7 drachms 28 grains of steeped peas in a phial, the 
mouth of winch was covered with a piece of clean glass, 
intcndcil to ermdonse the vapour that might arise from 
tliem, wliiie the free access of air was not prevented : at 
th? end of one hundred and twenty hours, the peas were 
found to ^e vegetating freely *, and on weighing the 
whole, and making the necessary diiductions for the bot- 

* Roclierches, p. IG. , 

E'J 
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tli and glasS) they were exactly their original weight *, 

* i 

It can acitCely be imagined, that, in this mode of making 
experiment, the carbonic acid into which die c^^geii 
of the air would be converted by gcrmiiiation, woV‘ v re¬ 
main in the phial: it must hate been gradually len^i^’d, 
and its place supplied by atmospheric air \ and henec'A" 
experiment appears to establish, as Mr Gongh si/Cm, that 
the germination of seeds is attended with litde, if ^nv, 
diminution of weight. It might c^tn warra:u tin* I'-o- 
clusion, that there is an actual iiicii tc of w’cn^In ; ^ 

c 

this imperfect method of tiodng dm phnl, a pntion ol 
the watery vapour exhaled by the germinating seed numt 
have^ escaped. 

Mr Cough observed, that when, in the course of tl’e 
experiment, ho withdrew the air frequently f». > 1 ) the 
phial, by inspiring it through a syphon, tin lo w is a c.^n- 
siderable diminution of weight, not let.*, than ? dra^'lnii' 
S grains, when 1 nunre 3 drachms of sSterped birb’v w.'ie 
Operated on; owing, piobably, a«. ho romnk , t'* ‘be 
watery vapour arising from the germinating ^ ■ed'- Inn a g; 
been withdrawn. 

The subject requires farther imcitigation ; but ib. le 
appears, so far as the fact is yet ascertained, some reason 
to believe, that, in germination, besides the abstraction of 
carbon by the action of the oxygen of the .lir, there is a 
decomposition oY a portion of the water, and an addition, 
from this decomposition, of oxygen and hydrogen to tlie 
matter of the seed. 




* Manchester Memoirs, vol. iv. p. 316. 
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To.favour the chemkral changes which constitute this 
process, certain circumstances are necessary. due de- 
gic{^ of humidity is essential, seeds which are dry not 
ger minating. It probably operates, by favouring the con- 
. dci'isjifition of the oxygen, and its approximation to the 
TV 'Mer of the seed. Though the dry seed may be per¬ 
vious tetany elastic fluid, the elasticity 0^ the oxygen in 
Its atii d fi,,m will counteract the afEnity it would exert 
to tb.o t.irtH'U ; but when the seed is moistened, the wa* 
tf-r the dry substance, and condensing a n^ji- 

ruitr; proportbaii of the oxygen, will approximate it to the 
rnatror <if uh- ‘.eed, aivl tlnr; favour its combination with 
the principle to which ir ».X!Tts tl.-e n\o;;t powerful aflint- 
rv i while um* carbonic acid formed iioin this combination 
..ill -Mime tl'iO clastic form. We accordingly find, that 
'n mlj v c.isc, file action of oxygen on vegetable matter is 
T.iViHirt.d by that matter being in a humid state. Some 
.icmists have considered the evolution of the carbon as 


tl.c* fir v action that take:) pi ice in gernanation, and that 
.1; Lombln.ui'in with the oxygen gas is posterior to this 
< vidutloji, and IS tli c rofore, strictly essential to germ- 

iMitioii, but ij rarljer a •. oiji-,eqiicnce of it. For this opinion 
i confers i perceive no grounds; the action of the oxy¬ 
gen appears to be fhe ofllelent cause of the abstraction of 
the ciiibon ; tlie ciiemical aflinity between them causing 
thcii' combination, leaving the other elements in tJiat pro¬ 
portion and condition which produce saccharine matter, 

* 

while the circumstances which favour these combinatious, 
particularly lu af and moisture, equally favour the evolu- 
tioii'of the germ, 
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A certain temperature is essential to germination. If 
it bela^the freezing point of water, no seeds vegetate i 
and the greater number require a temperature confder- 
‘ nbly higher. This is conspicuous in the germina^te\ i of 
seeds commencing and proceeding with rapidity, When 
the genial temperature of the spring succeeds the vnjp ^\(:5 
cold S and likewise in the seeds of many plants^not ger¬ 
minating in cold^ as they do in warm climates. The heat 
probably both excites thV vital powers of the germ, and 
favours the chemical changes of the seed. 

Light, too, has an important influence in germination, 
not^ however, in forwarding, but rather in retarding it. 
It his been long known, that in the process of malting, 
which is nothing more than germination conducted with 
a particular view, the admission of light is hurtful; and 
hence it is always conducted in darkened apartments: and 
it has been repeatedly ascertained, by direct experiment, 
that germination is impeded by light, ingenhousz re¬ 
marked, that the seeds exposed to the solar light cither 
do not germinate^ but die, ^r, if they germinate, the 
plmts are extremely weak;*. ' It lias been imagined, that 
the light operates merely from the temperature it excites 
dissipating the moisture ; but any effect of this kind, ex¬ 
cept from the direct action of the solar rays, must be tri¬ 
vial. As light, by its chemical agency, is always an 
antagonist to die combination of oxygen, and as this com¬ 
bination, at least with the carbon of the seed, is necessary 

•lournal dc Physique, to,m- xxviii. p. 90. 

* ; S Experiences sur lea Vegetaux, tom, ii. p. 23, < 
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to germination, it is probably to this operation that the tn« 
iluence it has on the process is to be ascribedv^^ 

}>r tlu; chemical changes which occur in germinatipn, 
tlic^ircula of the seed is converted into saccharine mattdri. 
It:i' ^iSt? becomes quite sweet *, and it affords a portion of 
•t on maceration in water. This saccharine matter 
appears to serve as nourishment to the infant plant*; for, 
being soluble in water, which the fccuta is not, it is capa> 
ble, in this state of solution, of ^eing absorlieci by the ves¬ 
sels of the radicle, which begin now to expand) and which 
ramify through the substance of the seed ; and thus, in 
the first stage of its growtli, the plant has a supply of 
nutritious matter, independent of any external sourly. 
Mr Gough, who stated tills view of the operation of 
germination In contributing to the growth of the plant, 
observevS, that it is confirmed by some experiments made 
by Malphigi, in which, when the germs of seeds were 
abstracted from the seed lobes, and planted iii the earth, 
very few of them grew, and those that did, grew very im¬ 
perfectly. This exper iment was also performed by Bonnet. 
The seed having been previously softened, by being kept 
humid for a few days, he cut the two bundles of fibres 
which connect the germ with the seed-lobes : he |>lantcd 
the germ in a quantity of garden earth, which was fre¬ 
quently. supplied with water: they emitted the radicle, 
and even at length their leaves; but the p^nts were so 
diminutive, that they could scarcely have l^n recpgnis- 
ed, and they soon died 

___ * ^ ^ t 

• * Bonnet sur VUsage des Feuflles, p* 239. 
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From the nature of the changes which thus proceed ra 
germinat^i and which arc abuolutcly ind spcnfcahlc, 
pfejitninary t vegetation, we can as^T^n the thooLy of 
those operations on the soil which consntute somcM* the 
principal ptac^iccjs of agriculture. When the is 

ploughed, i.s cohesion is broken ; u is divided into Idp*^ 
particles} and hence, when the seed is sown, it p placed 
in the most favourable situation for \cgetalion : it i> sup¬ 
plied with moisture, without being immersed in w.iler: 
it$ temperature is in some measure kept unifum; the 
operation of light is at leapt partially excluded ; .\nd, from 
the looseness of the earth that covers it, the .itmosplicnc 
aif finds ready access to it, and thus promotci the gcimin- 
ation'and commencing vegetation. When the fibres of 
the root expand, tliey meet with little resistance, nid are 
equally supplied with water and air. 

When gerpanation has been accomplished, and a source 
of nutritious matter supplied, capable of being absuibed 
by the embryo plant, its structure begins to be di veloped, 
and its Ijving functipns to commence. The radicle fii^t 
extends, penetratel the soil, and increases in leng'li \ nut, 
however, by the mere extension of its fibres and vcsbcls, 
but by new parts added to it^ apex, the nutritious fluid 
from the cotyledons being conviyed to the radicle, and 
forming these pirfe* In a short time, the part of the germ 
named the pldbiula likcwii»e extends, and rises from the 
grfuqi^ to form the stem } and these directions of these 
pajl^ take place in whatever position the seed has been 
' placed. The different.parts arc* now successively unfold¬ 
ed, (p:cording to the nature and structure of ^ic plant. 
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fts nourishment, after this Hrst stnge of^ts growth, is 
to be derived from without. This nutritiou(|^atter is 
recey^ed principaJIy from the soil and from the surround^ 
lug HIT j and the first object of inquiry in the io?cSj!^«' 
u f fhe theory of vegetation, is the relation fuh^ting 
b. veon these and the growing plant. 

iJyf. ^ the greater i^umber of vegetahhis arise from the 
e irth, uiid receive from it a large sharelof their nourish* 
n\eut. Ii was at one time very .generally that 

the soil itself afforded them the principal ndtirishthent; 
it contained, according to the received opinion, certain 
salts, oils, and earths: these, it was supposed, were ab¬ 
sorbed, and formed the principal part of the vegetable 
matter. 

There were always, however, some objections to this 
theory, and some facts known, particularly those relatii^ 
to the influence of water in promoting vegejtation, whkh 
led to a different view. And when chemistry had advan¬ 
ced so far as to accomplish the vegetable analysis with 
some degree of accuracy, it was discc^lerod, that the solid 
substance of plants, as well as Uieir va^ous products, 'ire 
composed ill general of principles very different from 
those contained in the soil. 

It was sufficiently known, that many vegetables fiourish 
and increase in bulk when supplied with water alone; 
and it had likewise been often ascertained, that if a plant 
be made to grow in a known quantity of earth, the e^Ii 

after a certain period, during Which the plant may have 

< 

Increased greatly in bulk, is found to have lost little of its 
wciglit. The celebrated experiment hf Van Hclmont, 
appears sufficiently to establish liliis fagt. He planted a 
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#wiHow weighing 5 libs, in an earthen vessel fillcd-with 
dne4 eauilh) which had been carefully weighed. The pot 
was sunk in the earth, covered with a plate of leatk and 

* 't 

^ ihatiifwater was occasionally conveyed to it through a tube 
of lead> whicii passed through the cover. At the etid of 
five years, on removing the tree, it weighed 169 libs., 
whihs the earth m which it had bj^cn planted, on being 
dried and weighed, was found to have lost only 2 ounces 
of its i>rigitnil weight. ‘A similar experiment was made 
by Mr ^oyle. The seed of a gourd was put into earth in 
a pot, and supplied with water ; the plant which grew 
from it, in the course of a few months, weighed libs., 
yet the earth had not lost sensibly in weight These 
experiments have been repeated and diversified by modern 
chemists. Duhamel caused plants to grow, by supply¬ 
ing them merely with water, and they flourished suffi¬ 
ciently wellf. Tillet found, that wheat and other grains 
grew in liver sand, in pounded quartz, or in mixtures of 
silex, argil, and lime: they produced seeds, wliich sown 
.again produced ne|v plants, and this for three successive 
yMrs Bonnet”found, that plants supported on moss, 

cotton, or paper, grew when supplied with pure water, and 
produced flowers and fruit equal to what they produced 
when growing in the soil. Mr Hoffman inclosed sprigs 
of the Mentha crispa in phials filled with distilled water, 
securing the mouths of the phials by a cement of wax. 
The sprigs in this situation continued to grow, new roots 




* Boyle's Works, ^ol. i. p. 40i<, 49o. 

4- Mmioires dc I'Acad.'dcs Sciences, 1718, 
t ibid* 1772,p.-229/ 
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and branches were formed, until the whole of the watejr, 
had passed through the plants; and on weigh^g them 
they^were found to have gained considerably in weight ’•f. 
Boyle liad before made this experiment, and had 
.that* 111 less than a month a sprig of mint growing in dis* 
tilled rain-water, increased to nearly four times its origl<r 
nal weight +. . , • » 

It has also been justly observed, that parasitic plants, 
and those M'hich are attached lb stones and rocks, can 
derive none of their nourishment but from water and air. 

These farts appear to authorise the conclusiooi, that adr 
' and water furnish the principal part of the food of ve¬ 
getables, and that many can live and grow on these 
alone. 

Previous to the discovery of tlie composition of water, 
it was dinicult to conceive how it could be converted 
into the solid matter of plants. Much of that matter in¬ 
deed, as wfell as of the various vegetable products, con¬ 
sists of water; but it contains also other elements with 
wliich this water is combined|»and which must cVen bear 
a certain pvoponion to it. The discovery of the com^- 
bition of water and of carbonic acid, in a great measure 
solveil these difhcultics, and shewed hoW water and oir 
might supply the elements of vegetable matter. 

These elements are principally oxygen, hydrogen, and 
carbon. "Water, if decomposed by the powers of the 

plant, will furnish the two former; and as the atmosphere 

% 

always contains *a portion of carbonic acid, this, absorbed 


* Von Uslar on Plants, p. 100, 
Boylc‘'!j Works, 'ol, i, p. 62J. 
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bytBe leaves* or even by the mediuna of water by the roots, 
iiafty affoni the carbon with which these are combined. 

* That water is decomposed in the process of vegeti tion, 

» I** ' ' V ’ 

Hajp^rs to follow from their being no otlicr sourc?e whence 
the faydi^en of plahts supplied only with air and Vater. 
can be derived. It appears also to follow from the fai:t 
already stated, ts established by the experiments of Ingcn- 
housz and others, that when the leaves of vegetables arc 
exposed to light, in contact with pure water only, they 
afford oxygen gas,—a proof that their vessels are able, 
when'assisted by the action of light, to decompose a 
portion of the water which they absorb. It has appear* 
ed indeed, from the researches of Sennebier and Wood- 
fiQQs'e, that the production of oxygen in this experiment, 
is considerably dependent on the quantity of carbonic acM 
contained in the water, or that at least by increasing the 
quantity of this acid a larger quantity of oxygen is evol¬ 
ved. It cannot, however, depend solely on this j on the 
contraiy, the water itself undoubtedly suffers decomposi¬ 
tion, and is the sotirce, ip part at least, of the oxygen. 

is evident from the fact, that the portion of car¬ 
bonic acid in common water is so inconsiderable as not 
to be appreciable} yet leaves exposed, immersed in such 
water, to solar light, afford oxygen. Ingenhousz found 
also, that though in boiled or distilled water the quan¬ 
tity emitted was less than in spring water, yet still a certain 
portion was evolved ; and the apparent difference In the 
proportion was in part owing to the boiled water absorb¬ 
ing a portion of the air emitted*. This air was also purer 


* Philosoplqcal Transactions, vol. Ixxii. p* 426. 
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Oxygen than the ait fro n spring water, and this has been 
also very clearly establislied- by an experiment^jwade by 
Mr pavy. He filled a glass cylinder o' the capacity Of 
ten cubic inches, with mercury. Two small 
.wei^ introduced through the mercury, so a# to detach all 
atmospheric air from them. The mercurial appaj^tus was 
inserted in a vessel of cold yntoir. Aqu^us vapour, v/as 
passed from a vessel containing water which had been long 
in ebullition, through a tube into the cylinder, where it 
WMS condensed by the cold mercury, and thus the cylin¬ 
der \vas filled with water which held no air in solution. 
It veas then exposed to light. In a very short time air 
globules began to form oji the leaves, and in about six 
hours two cubic inches and a half were collected, vfhich 
proved to be nearly pure oxygen *. 

In this experiment, it is evident, that the oxygen could 
have been derived only from the decomposition of the 
water; and the argument already stated, that, from ncf 
other soujc e than from die decomposition of w^ater, cart 
the origin of the hydrogen contained in plants which grow 
when supplied with water and air alone, be derived, 
a suflicleiit proof, especially when corrobotated by such 
experiments, that this decomposition is effected in the 
process of vegetation. The quantity of oxygen emitted, 
too, is greater than could be produced if the water were 
not in part (iccomposed. At the same time, it may be 
admitted, what is very justly observed by Saussure, that 
thi^ decomposition will not take place to a great extent, 
Unless the plant is at the same tipic supplied with car 


* Beddoes’s Medical Contributions, p. ,15P. 
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bonic sicid. The quantities of oxygen and Jiydro* 
g«i can probably not increase in plants b<*yoncl cor- 
tain limits, without the proportion of carbon inenas- 
ing in the same ratio ; and hence in pure water the de¬ 
composition,* so as to give rise to the fixation of tliese 
elements, must take place to a limited extent, and must 
sooii cease. Bjit when carbonic acid is applied at the 
same time in the necessary proportion, the dccompo'ii- 
tion of the water will proceed; and accordingly he 
found, that when plants were supplied with wat'r 
alone, without carbonic acid being prest'ut i:i the aiji in 
which they were kept, they acquired weight, but lost near¬ 
ly the whole of it again by exsiccation,—a proof thit in 
this case a portion of water had been merely imbibed and 
incorporated with their substance, without its element's be¬ 
ing fixed to any considerable extent, in the composi¬ 
tion of the vegetable matter; but when both w'ater and 
carbonic acid were supplied, they increased their dry ve¬ 
getable matter in a quantity greater than wbat could arise 
from the elements of the acid alone. lie concludes, tlut 
wj^n vegetables thus fix the elements of w.itcr in their 
composition, they retain botli the hydrogen and oxyg'^-n ; 
and that the oxygen exhaled by their leaves under expo¬ 
sure to light, arises from the decomposition of carbonic 
acid^ ‘ 

That plants decompose carbonic acid, is established by 
a proof similar to that which establishes the decomposi¬ 
tion of water in vegetation,—that there is no "Other source 
whence the carbon of plants growing in water and air can 
be derived. It is also established by more direct proof. 

, * j^erherches, p. J5, "s:c. 
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It has appeared from the experiments of Sennebler, Saus- 
surc and others^ that in an atmosphere composed partly 
of l arbonic acid, the leaves of plants absorb and decom¬ 
pose a portion of it: and as carbonic acid is' always pi%- 
sent in the atmosphere, it is probable that from ^is scarce 
vegetables derive at least part of their carbon, Saussure 
accordingly found, that plants growing inj»ure wate^, and 
in atmospheric air not deprived of the small portion o£ 
carbonic acid which it naturally contains, increase their 
quantity of carbon, as has been already stated (page 4G,) 
A portion of carbonic acid is also probably absorbed by 
their roots in solution in water. Sennebier found like¬ 
wise, as has been stated, that w'hen growing vegetables 
were supplied with water impregnated with carbonic* acid, 

A 

they aiTorded more oxygen under exposure to light, than 
when supplied to an equal extent with pure water,—facts 
confirnted by the experiments of lagenhousz and Wood- 
house, alreatly referred to, (page S6.): and according to 
Saussurc, although water impregnated w'ith carbonic acid 
is rather utifavourable to vegetation in its earlier stages, 
it afterw'ards favours it, so that plants supplied with 'Wa¬ 
ter thus impregnated, weigh more after a given period, 
than those supplied w’lili pure water *, It is probable, 
that plants are naturally furnished with a large proportion 
of caibunic acid in this manner. It is in a constant state 
of production at the surface of the earth : being absorbed 
by water, it must be conveyed in a certain quantity to the 
roots of pUnts, by which it will be absorbed. 


* Rcchcrt’hcs, p. 27. 
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UifiuetlM of the other constituent principles oi thC' 
air in promoting natural vegetation, is Icrs 
clliakirly established. I'hat of the nitrogen of the atmos- 
appears to be entirely negative i and as oxygen ap- 
pearl to ^ elnitted by plants when their vegetatiorr is 
probably most vigorous, that is, under the action of light, 
it might be con^uded that it not be absorbed. £x> 
periments have b^en stated, however, wliich prove, that 
plants grow much more*,vigorously when supj’licd with 
water impregnated with oxyg^'ii, than wh( u (oinnion u a- 
ter was used ^; and the fertilizing influen< c c'f dew h 
Beta^ ascribed to the saturation of the water with the oxy- 
|eo of the air through w-hich it has slowly d< cctndcd. 
T. Sifussure found, that when the root& of plants were 
IzpoMd to carbonic acid gas, to nitrogen, or hydrogen 
ga», they lUed in thirteen or fourteen days, while, when 
Ugi^jllibsed to atmospheric air, they continued to flourish. 
He Ibund alto, that'they consume the oxygen of the air 
in a quantity equal to their own volume, and fonn car¬ 
bonic add. "Wlien the roots of the vege t ibk* were not 
^ ^tttWfched, but remained in connection with the stem and 

f " 

brandms which were placed without the jar in which the 
roots weto confined with utmosjilicric air, they absorbed 
manp times their volume of oxygen gas, which appeared 
to be conveyed through the plant, and delivered by the 
leaves to the external air. Saussurc concludes, that the 
contact of oxygen with the roots, is useful to vegetation. 
Hence many plants require a loose soil, and arc more vi« 

—^****]|**^ f‘**—y-.. .h. ■■ ■ _ 

• ijcperinjepts by Sir Francis Ford, Philosophical Miga* 
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gorous when their roots 5re not covered with too much 
earth The principal advantage derived from oxygen 
thu' .'pplied, is perhaps from the stimulus it commuhi- 
cate& CO the vessels of the plant. 

. From the preceding facts it appears, that air and wa¬ 
ter may furnish, and probably do furnish the largest por¬ 
tion of the food of plants. • • 

In thcii ^’a composition, however, in the vessels of ve¬ 
getables, uiiotijor agent is coiicern*'*d, antl^appears indispen¬ 
sable. is Idght. When it is excluded, plants be-^ 

t 

come p:.lo ai;d feeble, and their usual products are no 
longer for.med. It is not by the heat which light excites 
that it Is favourable to vegetation, for the same effects 
are not obtained when heat is applied w'ithout the admis¬ 
sion of light. Ic may operate partly by acting as a sti- 
muUnt in relation to the irritability of the vegetable, and 
thus exciting its vcsoels to increased action j but this can¬ 
not be its sole operation, as the substitution of other 
pow'erful atimulants ought, for a time at least, and to a 
certain extent, to be productive of the same phenomena, 
which is not the case, it must thertd'ore in part operate 
as a cheiiiical power. Of the precise nature of its opera- 
tioji we must remain uncertain, while the question is un¬ 
decided, whether light is a component part of inflammable 
bodies or of oxygen. If the latter supposition be made, 
it may be concluded, ih.^ while the vegetable matter exist¬ 
ing in the sap exerts attractions to the carbon of the car¬ 
bonic acid, ail'd the hydrogen of the water, the light ex¬ 
erts alHnities to the oxygen of both,«and by these united 


* Rechcrches, p. I04>. 109. 111. 
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forces their <Jecomposition Is effected. Or if Up i»up- 
|M9Sed to be a component part, not of oxygen gas, bui of 
Sniiammable substances, it must be concluded, that while 
ihe Vegetable maf-er attracts on the one harul the cirbou 
and hydrpgeh ot the carbonic acid and water, but wrih a 
force insufficient to decompose them, the light at the 
sam? time exents attractions to these eh'ments, and these 
concurrent affinities may be sufficiently pow'crful to effect 
the decomposition. The action of light is extued ptij.ci- 
pally on the sap circulating in the leavt s of plant ; .ind 
when vegetables which have been blanched by sc» luiion 
from light arc again expos t*d to it, tlie green colour ap¬ 
pears first towards tlic margin of the leaf. It Is in the 
leaf, therefore, that the principal chemical changes from 
which the formation of vegetable matter arises t iko j>]xcc 
It is well adapted, by its position, to admit of the agency 
of light; and its structure is probably sufficiently porout> 
to admit of the passage of those aerial fluld-f, which it 
cither absorbs from the atmosphere, or evolve-, as the re¬ 
sult of tiie decomposii-iona wdiich happen in tlu' fluid c n 
enUting through its minute vessels. 

are thus presented with the most simple mcw of 
the theory of vegetation. The* vegetable by its own pow¬ 
ers, assisted by the agency of light, d<*compobt ^ a part of 
the water and carbonic acid which it receives. I’he cai- 
bon and hydrogen of these, with part of the oxygen, are 
expended in the formation of the vegeialiic products, 
whiL the superfiuot^s oxygen is discharged by the leaves. 
^ A email portion of the nitrogen is likewise perhaps ab- 
sorbitd ^ and titliei from combinations of these elemental 
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or from the water aheorbed by the rootSi may W d^ve4 
the trivial quantities of saline and earthy substancel w)iich 
are found In vegetable matter. 

This view rests altogether on the adndssi^^ tlnil in ire- 
, getatiun water and carbonic acid ate decomposed | but 
even with this admission it has been doidsted if it la just. 
Some chemists have called* In qtte8tip|i«thc cpheliviiotfy^ 
that veget ibles grow when supplied With air and water 
alone: they have endeavoured to^rove* that though thi^m 
m ly be an enlargement of size or developement of paits» 
thi> is not perfect, and there is no increase of vegetable 
matter; and they have also endeavoured to shew^ diat 
the experiments from which that conclusion has been 
drawn, are liable to sources of fallacy suHicient to idvaIi-» 
date the conclusion itself* 

Hasseniratr, some years ago> staled these objectlcms to 
tlie ^apctiinents of Van llelmont, Buhamel) and Ttlletp 
and, in conflimation of his objections, gave the restdts of 
experiments on various plants which expand whet) mere-* 
ly supplied with water, as hyacintiiSi kidney-beans, cres¬ 
ses, and oihei s Tliey grew in this situation, or their parts 
were unfolded •, but e\en this giowih was imperfect $ the 
vegetation advanced no farther than the producttqentd' the 
flowers, without the ^eds being formed, or at least with¬ 
out tlicir coming to maturity i and these plimts when dried 
and analysed, aflbrded, as he states, rather Ic^s carbon 
than was contained in the seed or bolb from which they 
had been reJred *, 

^ Aiinales dc Chiinie, tom, |u 
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£x|^me&ts with a simiirir result have been ma4c by 
T* Sausmre. He endeavoured to bring into a state ol 
v^etatioa tht* seeds of the kidney-beau, the common peai 
Ofesses* and similar plants# by supporting them on hne 
, sand# and supplying them with dts tilled water, 'I'hey ft e- 
quontly flowered# but their seeds never came to matun- 
ty *.c • 

^ Mr Knight has also observed# that bulbous and tuber¬ 
ous rooted plants contaiiV witlun them the nutter whieh 
Bcives for the devclopemont of their parts; aiul ih it wlien 
they grow on being supplied with water, the w'tei, li 
perfectly pure, operates, not by supplying them with new 
matter, but only by dissolving and dHtributing through 
the expanded plant# the matter which l^d been contained 
in tlie root |. 

To the experiment of Van Helmont, and others of a 
similar kind, the objection has been made# that in the pe¬ 
riod requisite to the growth of the plant, the water with 
which It had been supplied muirt have com eyed to it a 
quantity of foreign matter. Thus Bergman remnked, 
that even rain-water, with which the u illow in Van llal- 
mont’s experiment was suppheil, conMins a small por¬ 
tion of earthy matter, winch by the constant supply 
would accumulate in the plant, in quantity sufficient to 
aflbrd all the earth it contained at the termination of the 
experiment And ICiiwan afterwards rem irked mother 


^ Rechrtche^p. 1^454 
f Phdo'iophiA T*‘W‘Sactio«s,.I805, p, 97. 
I OpttstmlalPJij^sica, vol. v. p. 
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ource of lbUacy> t\ it the pot containing this willow he-* 
zng earthen and i>f couise porous* and being placed in the 
l5od» a quantity of water (took the soil, and conveying 
matter from tt, must h ive percolated the ve'»sel, and been 
. ab orbed by the roots of the tree *. A similar source 0^ 
Hilary, it has cb„ervedhy IJa<$enfratz, existed in 
the e\penment» of • • 

rht observations and expertments now stated may 
prme, thit phnts •■iippiied wdh water alone will not 
gi ow. "I he y indeed canno% as there is no source whence 
ihs. carbon coscntul to the formation of their substance 
can be denved. 'Fhey may even prove, that ro some plants 
the supply both of atr and water is msufhcient, and that 
these are incapible of t egetating propt rly, without cnattcr 
dfiu d irom the soil. But th^y ne altogether in&ufEi- 
tient to render this conclusion g'^nenl, or to itivahdate 
the opposite conclusion, that vegetation may he support¬ 
ed by air aud water alone, and that miny plants supplied 
with t itse will flourish, and form th<dr peculiar pio- 
duc > 

1 h ‘ f lets which establish this last conclusion are numer¬ 
ous, and on a sc Ue w Inch sc irccly admits of any fallacy It 
Can sc irccly be doubted u deed, when we consider the cir- 
CUin.>tinCea connected with the gi^wth of a large vegeta¬ 
ble, as of any of oui common tne^s. "Jhielr roots extend 
totiO great extent or depth in the soil, and. that sod does 
not require to be lentwed, or to receive any ^pply of 
m-tnuro. Kfir, frequently the situation is such, that 

'if'*’ 

E*s') oft Manuus, p* SO, 

^nnalrs de CIuoik, tom. iqii^ P* I$7, 
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amf manure nr nutritious rmtter is a£rurdc4^ or 
^tng but a supj^ort by tihtch the platit is exposed to 
aiTir ^4 oCc^SKMially suppheil witli water, as in the 
estampjeof those trees which grow^ftom the cie\ices of 
» rode* fte^uently on ihe very face oi a precipice. Yet, 
Ill tkU .these t4tuatlons, t3be gtowth of the tree advances, 
serKf ittattea^^kie^easeiS^, and, jn many of them, much 
ftjge^le tttaHer h atiauaHy lost in the fruit, or the 
df the foliage, tt is obMOus, that the portion of .oil isuH 
which the |tat can be supposed to communu ue, could 
nothiNt is^ginally contained the matter from whuli this 
increase ia derived; and there is no external oupply hut 
» from the atmosphere, and frpm water. The atniospheie, so 
lir as we can discover, can afford little to vegetables direct^ 
ly nutritious, or capable of furnishing the elements di hence 
their products are formed, except carbonic acid, and water 
applied under such jcircumstances, can afford, independent 
r^f its own elements, only a small ponion of salme and 
«arthy substances, Vfluch, from wh it uc know of the m- 
hly^s of vegetable Ihsuferi cannot ba very essential to its 
fcptnatkin. We are reduced, iherefo’*e, in this t lat, to 
'die cotoylusion, that the cat bon, hydiogcn, and oxygen, 
sjdilch form not only the basis, but almost the entire sub- 
stanpe of the vegefipble, muet be derived from water and 
atmospheric 

The obj«»ctions that have been made to Van Helmont*^ 


e^jperim^nt, iftfA Othm of a smujiar nature, ate of nO lOrce 
against this i^eincla^. They invalidate only the ahsitrd 
if it we|f inainjtainedi ihift water alone can be 
a^tjf^d into pTdducts of Vit^etation, It may be 
ns remarked, that a porfioh of saline 
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iinUer Hilght be convoyed by tbe water to tbo plant; an<t * 
ilu!> nu) be the origin of the saline matter xrhich it would 
cont,’»rt ; or, a> bh Kirwan has observed, the water mi«Ik 
iiiUratr' finm the foil through the vessel, and thus convey 
. soine ejnhy sobstancca, and even some nutVitious matter^ 
to the plant, lljf th a must have Wm in liiiftiied quan¬ 
tity in the sod itstU j and the oommunio^tion could nol 
hue Ucn so eatendvc, as to have aiFordbd from ihU 
** urtc all tl e principh“i which d'brmed the substance of 
the pbn*, vud w'hich inemsed tt from hve to one hundved 
and &j\tj-nine pounds m weight^ 

Lastly, the experiments of baussur? already referred to 
(page lb’.} ai e conclusiv e. In oppobltson to those of Hassen- 
iiitr, in proving, that plants acquitc an augmentation of 
V egt* *ble nutter, u hen supplied with air and water alone, 
a the atmospherM: air, indeed, were excluded, or rather, 
jf the bmall portion of caibonic acid which it naturally 
contain* were n I'oveil, by washing with lime-water, the 
veg.tables, as a’rcac'y 'uted, riercty expanded, without 
an) r d addition of veg^'table m.ittei ^ but, wlten supplied 
*»vuh Viatel, iiid with atmospheiic aii Ui its natural state, 
and iuiiv r.posed to light, the propouion of vegetable 
luittor ihcr..a»cd with il ir enlargement of bulk. The 
«pp *j.to results obtained by HassCnfratz were probably 
owing to th< plant* not having been sufliciently exposed 
to light} for, in tln> case, Saussure found, that the pro¬ 
portion qf carbon is even rather diminished diiaa ipp 
creased, 

*rhe two scries of facts on thi§ subj^t which appear 
opposed to each oth«r,^thc one provii|jg, that vegi*- 
tahJ'* will glow' when fiiipuiied with tpr .md wah^t alone, 

f 4, ^ 
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—the ether equally proving, that, in such a situation, the 
'growth is imperfect, and is little more than an expansion 
df their solid matter, mdy perhaps be reconciled, by con¬ 
sidering vegetation under the following point of view. 

In plants winch expand rapidly, as in those which Were 
the subjects of the experiments of Hassenfratz, or of the 
obsecrations of JKuight, the contact of a lich soil may be 
necessary to bring them to porftetion. The develope- 
ment of tlidr pairta m.^y %d far exceed the slow supply oi 
nutritious matter from the decomposition of iter an»l 
carbonic aci4, that they will decay before their vi getaiion 
has been completed. But this only proves, that, fiom the 
peculiar nature of these plants, the expansion of theii 
parts* has been mpre rapid than the supply of nutritious 
matter, under such Circumstances, can support, while, ir 
others, the growth of which is more slow and gradu il, it 
does not follow hut that a sufficient supply of nouiish- 
ment may be derived from water and atmospheric .iir. 

In vegetables of this last description, under which are 
probably to be classed all the larger plants, a diue piojjor- 
tion in the supply of water and nf carbonic acid will no 
doubt be required. Water ale ne can furnisli only oxygen 
and hydrogen, and, if it exceed much the piopouic-n oi 
carbonic fteid, it probably will not be decomposed ; for, 
without a due proportion of carbon, as Saiis^ure has le- 
marked, oxygen and hydrogen tannot be accumulated in 
the plsmt $ and, for the same rca»;on, an excess of carbonic 
may not be of any utility, as carbon mu<l equally b« 
incapable of being assimilated without the necessary pro¬ 
portions of the other two elements* In those plants which 
*, j^row slowly, the growth will probably adapt ittelf, iii 
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establishing these proportions, to the quantities of each 
which arc afFonlei! to it; and, from the general farts con-* 
nected with their growth, there can be little doubt, that 
the decomposition of tlubc substances afford the element! 
.whence their pioducts ,ire formed. 

It is equally true, htjwever, that, in many vegetable'!, 
these are itisufiicimt, and a direct supply of more nutri¬ 
tious matioi IS indibpfcnbaUle to their proper growth. This 
i > proved by the most familiar f>tts in agriculture. Many 
t egotablos will flouri .h only in ceUain soils. Those which 
lequire a rich soil vegetate feebly in a poorer, and they 
always oxl.aust ih ii in which they grow, so that it requires 
JO lie renewed bv cerffin additions. 

H 

In confurmity to the vv'W of vegetation which I liiate 
given, it follows, that those plants which gtow rapid¬ 
ly mubt he those that v. II! thus requiie the most nuliitious 
boil i .ind that id' •■uih as grow more slowly, those will 
most require it wli’ch givi’ the largest pnnlucc of seeds or 
fiuit, compared with the plant win n these begin to be 
fornn d. Hence, those plants which are cult.vat6d for the 
nounshnieiit of animals, are of all otheta those which re¬ 
quire the most nutiitioub soil j and the proportion of their 
products is at least within some limits proportioned to it. 
it IS interesting, and intimately connected with the theory 
of vegetation, to trace the influence of the substances from 
which these results . re obtained. 

The matter winch is thus required by many vegetables 
to enable them to grow and foim their various products, 
must be such as contains the clemc;its of these products, 
and,* at the same lime, such as they caii absorb and as»i- 
piilalc. Ileiicc the greit superiority of decaying vegetable 
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and animal mattcf. TJais con tuutca w} it it, prupcrJ)' 
rpeafciiig, the pchness of a & 0 il. 'J Ik fru'>t of cartli 
which forms the soil conbisto prmcipnUy oi siicJtf argil 
lime, and nugnesia. According as one or other of thcbc 
predominates, the sod may be Inc i,e, or adhesive } may b». 
calculated to retain water, or to allow it ,i free passage; 
or may liave various other qualities Infiuencirig the giowth 
of plants, and, from such qualities, may be adapted to ilu 
support of certain vegetables. But in sustaMung tlm 
plants which are cultivated for the nouiijhment of ani¬ 
mals, something more is required ; it mu^^t contain 
decomposing vegetable and animal matter; its fertility 
ceases when this has been abstracted, and can only be re¬ 
newed by a fresh quantity being introduced. 

This, therefore, forms tlic first and most important of 
tlte manures. Its nature must vary somewliai, according 
to the intermixture of animal an 1 vegetable matter j but 
it must always contain, in large quantitv, the elements of 
which vegetable matter is formed, and indeed must con¬ 
sist almost entirely of these. The black mould into which 
vegetable matter passes by slow di c«mposiri''r, and whu li 
always exists more or less in the soil, const . piiuLipill) 
nf the carbon which is the basis of that matter, Hith por¬ 
tions of the other elements. Saus^ure, in analyzing it by 
neat, found it to contain moie carbon and less oirygen 
than unchanged vegetable matter. It appeared to contain 
also a larger proportion of nitrogr'n. To water it yields 
portion of extractive matter, and a small quantity of 
'caurbonic acid ; and citjiosed in a humid state to the atmo- 
.phere, it absorbs oxygen, and forms carbonic add *, 

♦ i -J -Tir-LA V. ^ 
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as Ingenhousz, Gough, Humboldf* and othersi had before 
observed. -'V' ' ■/ 

\ The great utU-ty of vegetabJCit^^'^imal substances as 
manure, undoubtedly consists io;1|^^l^''aj5*ordin(g mattef v 
-already assimilated> and hence more fit to serve ,fbr the 
rn-trition of the vegetable. The water which is present 

f 

dissolves the muciLiginous and extractive principles, atid, 
being absorbed by the roots, must afft^rd moim nutritious 
matter than water that is pure! Saussurc found, that 
water holding in solution various salts, as well as differ* 
ent vegetable substances, gum, sugar, &c. easily enters' 
the roots of plants by ab-sorptioii *, and that thfe, absorp<i^ 
tion is ill some measure elective, some substances being 
more largely absorbed than others. The salts thus intro¬ 
duced were afterwards discovered in the plant, Ctn burning 


it *. ,. ' 

Kot only is nutritious matter thus conveyed from the 
soil by the medium of water 5 there is also every reason 
to believe, that the gases which are evolved in the slow 
decomposition of the vegetable and animal matter min¬ 
gled with it are in part absorbed. Under such circum¬ 
stances, carbonic acid, carbonic oxide, arujUixy-carburetted 
hydrogen gases, are formed : portions of these will be re¬ 
tained by the water of the soil, and may even be directly 
ab^rbed by the vessels of the root. Mr Knight has ac¬ 
cordingly remarked, that in his experiments on the sap of 
vegetables, it always appeared to contain a lir||e< portion 
of air. The gases thus conveyed into vegetable con- 

' H ^ C' f ' < • 

tsiih the elements from which its «|>roducts are formed, 
* RechercUes, p, 2B% $60, 
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a&d in a state, probably, in which th^y will be easily com¬ 
bined and assimilated. 

fr 

Yet the quantity of vegetable matter diret tly conveye;* 
into the plant, would appear, from Sauisurc’s cxperlmpnis, 
not to he considerable. He found, that rain-water, viuch 
had stood many days on a sol! containing much iranuie, 
formed an infuaion, which did not contain above one part 
of vegetable matter to a thousand of water. He found 
reason to conclude, tooj»that a plant, in absorbing this so¬ 
lution, would nut assimilate above th-* fourth part of the 
iregetabie matter it contained * hence, it would not increase 
in weight above a quarter of a pound, from the acc<suon 
of such matter, in ahsoibing one thousand pounds of such 
an infusion, which, in a small pi mt, would require a very 
long time *, This conclusion, howi vet, cannot be re¬ 
garded as very exact ^ an I,' independent of the matter di¬ 
rectly afforded by manures to the watei in the sod, much 
of the nourishment they afford by the plant is probably 
by the medium of the gases they evolve. 

It may pcihaps be affirmed, that vegetable and animal 
substances furnish the only species of mineic dliealy 
nutritious, or capible of affording matter whuh tlie 
table can immediately assimilate. Tiut there au* otliers, 
scarcely less useful, in improving the sod, in pronui'ing 
the decomposition of the vegetable or animal matter which 
it contains, or in eiriting the plant to more vigorous ac¬ 
tion. 

Of these, the first place is unquestionably due to lime. 
Its utility is aufBcIenlJv known, not only in increasing the 


* Recbwchcs, p. 237. 
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products of vegetation, but in improving their quality \ 
and various opinions have been offered on its mode of 
operation. In clay soils, it is obvious'that it may prove’ 
useful, by rendering the earth mofiig jf^e and loose, more 
per^^lous to air and moisture, and to the rodts of plants. 
It may likewise destroy insects, which often prey on the 
tender vegetable ; it may decompose any sfiline subst.pice 
whicli is iniurious to vegetation \ and it probably acts as 
a stimulus to the plant arrived' at maturity, and thus 
quickens the procc&s of vegciation. But the principal 
advantage attending the use of lime as a manure, appears 
to be derived from its power of hastening the decompo¬ 
sition of vegetable and animal substances, and thus sup¬ 
plying to ihe plant in greater abundance the difFdlrenc 
gases capable cf contributing to its nourishment. That 
lime does exert such an operation, is evident, from its re¬ 
ducing even the ligneous matter of plant? in a short time 
to a black mould, when its action is favoured bv hmnidi- 
ty} and that it is by this operation that it proves useful 
as a manure, appears to be established by the litct,that its 
utility is most conspicuous in thohC soils which abound in 
anim.il and vi-gctable nvatfer ; and when this is exliausted, 
the lime is lct>^ useful, until it is renewed., 

Some have iniagintil, ih.it the lime acts in this manner, 
by directly cumblning with the vegetable or animal mat¬ 
ter, and, in particular, with die carbon of that matter, 
it soluble in water, and thus conveying it into, 
the m'sels of the plant. 3dut there appears little 
foundation fo/ this-opinion 5 nor can it well be supposed, 
that so much lime as must thus be conveyed, could be re- 
*^ceived without injury into die vegetable system. In 
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fttomoting the decomposition of substances, it seems 
to act principally by a resulting .dfinity. 

* Lime, when united with carbonic acid, has an effec^t 
, somewhat similar* though in an inferior degree; ^^*'ul, 
united with Sulphuric acid, or under the form of gypsum, 
it has been used with advantage as a manure, probably 
frotp an analogous operation. Even some saline sub*^tances 
have been found to promote vegotatum, such as murute 
of soda, when added very small tpiuntity Puli.imi 1 
found» that marine plants growing in an inland situation 
languish, if not supplied with this salt. 

The nature of the soil, too, with regard to its eaithy 
and even its metallic ingrediento, Ins an important influ-> 
enctf on vegetation, and adapts it to difTcront plants, 
chiefiy by being more or less pervious to the roots, by af¬ 
fording lo the vegetable a more or less firm support, and 
by admitting of the application of air and water in due 
proportion. The earthy matter of the soil is derived 
from the disintegration of the tocks over which it lies, or 
from materials originating from such disintegration, ind 
spread over the surface by the operation of wai<'r. It must 
consist, tliercfore, of the principles of which the caithy 
aggregates are formed, and, in diflVrent situations, will 
consist of these in different proportions. Of the earths, 
silex and argil constitute the basis of every soil; and tlie 
qualities of this soil will vary, according as either predo* 
xninates. A soil in which argil is the chief constituent* 
or which consists principally of clay, is stiff, and not oa« 
fitly worked: it imbibes water, so as to be thoroughly 
moistened, s'ery slowly; but* when it has been brought 
into this state, it retains it strongly, and in drying it con- 
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tracts and hardens, so as not to admit easily of the ex¬ 
tension of the roots of plants, or be very permeable to 
water and air. Sikx selt’om exists in large quantity in A 

^ .-jv a' ' f 

.soil in a state of very fine division^Tstlt in fragments, form- 

4 

ing a sandy or gravelly soil. In qualities the reverse of 

those of a clay soil prevail j and hence the adaptation of each 
to particular plants, as well as the advantage derived from a 
due proporfioii of the one to the other. Theffr esence of 
calcareous earth serves, to a ccr^in extent^ the same pur¬ 
poses : it lessens the adhesive quality of the clayey soil, 
and the porosity and looseness of that in which the siiex 
predominates j and probably is still farther useful, in sti¬ 
mulating the vcs^-vols of the root, in attracting carbonic 
acid, and, as has been already explained, in favouring the 
decomposition of inert vegetable matter. Magnesia is 
probably always present in very inferior proportion, and 
■ its operation does not appear to be very well marked $ 
though it has been concluded, from some facts, that it is 
ratlier hurtful to vegetation, particularly from some kinds 
of limestone, which on analysis wore found to contain 
magnesia, being prejudicial when used as manure. 
0.vide of iron is the principal metallic matter present in 
tl'iC soil j and it has been supposed to be in some cases ad- 
\rijjtageous, by attr.ictiug oxygen from the atmosphere. 

Axt exterii-ive series of experiments, on the comparative 
powers of diiferent mixtures of earths in sustaining tlie 
vegetation of those plants vi liich arc cultivated for nourish¬ 
ment •'(vaA uiulertaken ;by Tdlet *. He em|>]Us^ed large 
earthen pots, which he sunk in the earth very nearly to 

^ Menudres dc l*Ae?.d. dcs Sciences, ITT-, n. 
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the level of the surface, so that the plants growing in them 
might be as much as possible in a natural situation, and 
participate in all the vicissitudes of the senson 5 and, with 
f Hhe same view, he abstained from supplying them 
any water, even when, from the want of rain, they sc«!;m- 
ed most to require it The experiments on each earthy 
mixture were continued for three successive years j the 
grains produced the first year being planted for the se¬ 
cond, and those produced the second being in like mnii- 
ner planted for the third. From their general result.., it 
appears, that there is a considerable latitude with regard 
to the earthy mixtures capable of supporting vegetation. 
Wheat was the grain that was die subject of experiment; 
and it was found to grow well in various mixtures of sand, 
clay, plaster, and fragments of stones, as well, indeed, as 
in earth taken from a cultivated soil. Nay, it even flourish¬ 
ed apparently equally well in sand alone, in fragments of 
stone, in old plaster or mortar. An excess of argil or clay 
appeared to be prejudicial, principally by communicating 
the property of hardening after being moistened, so that wa¬ 
ter was not easily diffused through it, and the roots of the 
vegetable met with too great resistance. No great advan¬ 
tage was derived from the addition of marl, and less bene¬ 
fit accrued from the mixture of vegetable and animal 
manure than might have been expected, from the advan¬ 
tage obviously derived from it in the practice of agricul¬ 
ture. TiBet was disposed to conclude, from considering 
the results of all his experiments, that water ' 5 vas the most 


agent in promoting vegetation, and that the prin- 
.cip^ advantage of a soil is to preserve a certain degroe of 
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kumiUity, .u the^eame timCf it allows the roots to 

ifxtcn ’ freely, and absorb it. 

Tbe following analytiis of a fertile tsoil, in a climate in 
A\ ch much rain falU, that of PiedtVidtit, ib given on the , 
JuUtoiity of Globcrt. One pound consisted of 
C ixlv'naccou* Matter 2.> grains 
VVatci 70 

frojki 4362 to 447 3 

\.rgil — 50y to 793 

J^irie — 283 to 679, with a portion 

f'f about 19 grains, of which one-third was carbonic 
.<ib and the remainder tarburetted hydrogen. In Jess 
tule soils, the propi*rtion of silejc in the pound Troy 
M iiom 2716 grams to 4 >28,of argil from 396 to l!^45f 
m3 cf iime from 339 to 622. And in barren soils, the 
propnUioris were, of silex from 2368 to 4963, of aigjil 
from 1128 to 1632, and of lime from 225 to 620. In a 
dtur chmare, Bergman fnind a fertile soil to consist of 
iiui pait of clay, tl rce of siliceous sand, two of calca- 
ouus cirth, and one of niagnodi. It appears, &om the 
\ ral an l\s(.s tint have been riadc, that the less rain 
mils m a ioutitry, the propoition of calcareous earth in 
.he soil mu>t be increased, and that of siliceous earth di- 
ininished, to rendci it fertile. On tills subject, some far¬ 
ther dctjilb are given in Mr Kirwan’s treatise*. Some 
Tacts have been aho added by Mr Davy, in his late me* 
.iioir on tlte amlybis of soils -f . The soils tha$ cut most 

\ 

* r.ssiy on Manures, p. 55, &c. 
f NichoUon*s .Toumdl, voL aii. p. 81. 
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ptodoctive of corni he lemArkS) contain always certain pro¬ 
portions of argillaceous and calcareous earth, in a finely di¬ 
vided state, and a pertain quantity of vegetable or animal 
i matter. The quantity of calcareous earth is, however,^’^Ay 
various, and in some cases very small. A very fertile*^corn 
soil from Ormiston in East Lothian, aflorded to Mr Davy, 

' in an hundred parts, only eleven of mild calcareous earth: it 
contained twenty-five parts of siliceous sand ; the finely 
divided clay Imountcd to forty-five parts j it lost nine in 
decomjposed animal and vegetable matter, and four in 
water, and afforded indications of a little phosphut'e of 
lime. Its fertility might be in seme measure connected 
with this last substance, ns it is found in wheat, oats, and 
"’ harfey, and may be a part of the food of the plant. 

An important result, which appears to be established 
by some of Mr Davy’s analyses, is, that a soil may be fer¬ 
tile though it contain little vegetable or animal matter. 
A soil from the low lands of Somersetshire, celebrated 
for producing excellent crops of wheat and beans without 
manure^ he found to consist of one-ninth of sand, chiefly 
stlieeous, and eight-ninths of calcareous marl, tinged with 
iron, and containing only about five parts in the hundred of 
ve^talde matter: no phosphate or sulphate of lime could 
he detected in it. And hence, as Mr Davy concludes, “ its. 
fertility must have depended principally upon its power 
of attracting principles of vegetable nourishment from 
water the atmosphere.” 'Ihis leads to a very import¬ 
ant inl^iiilbce with regard to improving soils, ** In sup- 
animal or vegetable manure, a temporary food only 
ft provided for plants, ’which is ift all cases exhau|ted by 
of a certain number of crops *, but, when a soil is 
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r^iidered of the best possible constitution and texture mth 
regard to Its earthy parts, its fertility may be considered 
as permanently established. It becomes capable of attract- 
fnj a very large portion of vegetable'^nourishment ih’om 
the atmosphere, and of producing its crops with compara¬ 
tively little labour and expence.” Some altemtion in its 
constitution may, no doubt, arise from tlv; mere succes- ' 
sion of crops i but any deterioration from this ctiuse might 
be obviat L'd, by their judicious altj^rnation, or by other me¬ 
thods which occasional analyses would suggest. And these 
obsC!rvatlons undoubtedly lead to a field of research hither¬ 
to much neglected, though so Iiighly important* 

hlr Davy has justly observed, that the results of an¬ 
alyses considered as affording indications of fertility, diust 
necessarily difler in different climates, and under different, 
circumstances. “ The power of soils to absorb moisture 
ought to be greater in warm and dry countries than in 
cold and moist ones, and the quantity of fine argillaceous 
earth they contain larger. Soils, likewise, that are situat¬ 
ed on declivities, ouglit to be more absorbent than ^ose 
in the same climate in plains, or in valleys* The product¬ 
iveness of soils must likewise be influenced by the nature 
of the sub-soil, or the earthy and stony strata on which 
they rest. Thus, a sandy soil may sometimes owe its 
fertility to the power of the sub>$oil to retain water; and 
an absorbent clayey soil may occasionally be prevented 
from being barren, in a moist climate, by the inj^ience of < 
a sub*srratum of sand ot gravel.” 

Besides a proper soil, the due appiicatton of heat jiud light 
are necessary, as has been already statM, to the process 
of vegetation,—'heat, as a stimulus to excite and sustain 

G 2 
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the actions of tlie plantSi—light, partly from the same 
operation, and partly from its chemical powers. 

' Such are the circumstances most materially influencing 
ve^tation j and the statement of them presents the fal¬ 
lowing general view of the series of chemical chafiges 
which constitute this process. 

Regarding germination as its first stage, the seed expos¬ 
ed to humidity and atmospheric air expands: its farina¬ 
ceous matter^ by the action of the oxygen of the air, is 
converted into sugar, which serves as food to the infant 
plant. Its organs are gradually unfolded, and its nourish- 
irnm received from a different source: water, pure, or 
' j^ldhig and animal matter in solution, is ab- 

by the roots; and, in a soil containing decompos- 
Tegetabie and animal matter, different aerial fluids are 
iSeewise rqreired, and mingled with the sap.. This, in its 
progress through the root, dissolves even part of the ve¬ 
getable matter *, and from this, the plant, in the first 
stages of its growth, is better enabled to form its various 
parts. It is brought to the leaves of the vegetable, and is 
there presented, under a very extensive surface, covered 
with a very thin membrane, to the action of the air and 
light: part of its water transpires; carbonic acid, in mi¬ 
nute quantity, is perhaps absorbed ; and, by the action of 
the vessels, assisted by the chemical agency of light, new 
' pmbinations are established, and the proper juice of the 


Ipiant is fermed. This is conveyed by the footstalk of the 
^leaf, and hy vessels proceeding downwards through the 


ATT between it and the wood: it is deposited in dif- 
\|^nt parts, or is^ill faiths changed in its progress^^ 
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changes from which the peculiar vegetable products are 

« 

formed. 

For the perfection of this proc^sib the soil must' be ad¬ 
apted to the nature of the vegetable i it must permit its 
. roots to extend, allow free access to the air, and convey 
and retain the necessary degree of humidity | its nutritive 
powers must in general be increased, by the iiitermiKture 
of vegetable and animal matter; the decomposition of this 
must often be accelerated, by*^he application of other 
species of manure ; and, lastly, all the actions of the ve- 
getable must be excited and sustained by the due propor¬ 
tion of heat and light. 

From the principles conveyed by this proceis to the 
growing plant, may be derived all the elements of which 
its products are formed. These consist principally of car¬ 
bon, hjdrcgcn, and oxygen; and with regard to diese^ 
their origin is not at all doubtful. Any compound of ni¬ 
trogen which may exist in vegetables, is probably formed 
from that gas, received either from the atmosphere, or by 
absorption from the vegetable or animal matter in the 
soil \ and the minute quantities of sulphur and phospho¬ 
rus that appear to exist in some vegetables are probably 
derived from this last souice. 

There is rather more obscurity with regard to the 
earthy and metallic substances found in vegetableS|i or at 
least contained in the ashes adbrded by their combustion i 
and dlifeTent opinions have been held with 
origin.' _ . • 

The saline substances abided by the combustion of 
plants are chiefly the sulphates, muriates, and carbonated 
of potassa and of soda, the sulphate'and carbonate of 

G3 
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llmcf and the phosphates of lime and magnesia; and with 
these are associated small portions of silex, and oxides of 
iron and manganese. Of all these substances, the alkaline 
salts are those which are* most abundant. Some of them 

c m 

arc probably not essential to the vegetable, those espe¬ 
cially which are in minute quantity, and not always found 
in the same plfnt. 

Jt has been considered as doubtful, whether some of 
these actually prc-cxistSn the vegetable matter, or arc 
formed during the combustion by which they are obtain¬ 
ed. In confirmation of this last opinion, the fact has been 
Stated^ that they cannot be extracted, at least in so large 
a quantity, by any other process, as they are aflbrded by 
burning. Those of them which are compounds may no 
doubt, in part at least, have this origin ; but this conclu¬ 
sion cannot be drawn with regard to those tlie comnosi- 
tion of which is not established. And although they can¬ 
not be extracted in equal quantity by the maceration of 

the vegetable matter in watcr^ owing, probably, to the 

« 

state of combination in which they exist, Saussure has 
found, in his extensive researches on this subject, that 
when plants are washed much with water previi;us to 
their combustion^ they afford a smaller quantity of ashes 
than when burnt without being subjected to this prelimi¬ 
nary operation. 

' -Admitting the existence of these substances in vegeta- 
,b1c mat|0J^l the question naturally occurs, are they*^form¬ 
ed by the process of vegetation, or are they always derive 
cd by absorption fi^i the soil ? Each of these opinions 
has been maintained. From so many vegetables grbwiri|j 
when supplied wjth air and w'atcr alone, some have been 



OF YECETABLES, 


JOS 

disposed to conclude, that these substances are not con¬ 
veyed into the plant, but formed in it by the chemical 
processes connected with its growth } while, in opposittdh 
to this conclusion, it has been urged, that,,in any expeii*. 

, ment made to establish it, the water had ‘not been per¬ 
fectly free from foreign matter, and that, from the sub¬ 
stances water usually holds in solution, these products 
may have been derived. Many of them, too, there is no 
reason to regard as compounds, and of course as capable 
of being formed by combination ; as, for example, the dif¬ 
ferent earths and metals which have been fouird in plants. 
And some facts have been long known, which prove the 
connection of the saline matter in vegetables wit^t^e soil. 
Thus, marine plants usually contain muriate of ■Soda, 
which diminishes in quantity, however, and at length dis¬ 
appears wdien they arc transplanted to an inland situation % 
ano certain plants which contain nitre, as pellitory, bor- 
rage, and others, do not flourish bift in a soil containing 
nitrous salts. 

The extensive researches of Saussurc on the analysts of 
vegetables, the results of their incineration, and the con¬ 
nection of these with the soil, have thrown much m^e 
light on this subject. 

ile established, in the first place, the important fact, 
that analysis discovers all these substances in vegetable 
mould * } and farther, that they exist in solution in water 
which has macerated on that mould f. ' He also found, 
that plants Absorb small quantities of saline {|iibstance$, 


* Recherches, p« 28C^ 
t Ibid. p. 292. 
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when these are presented to their roots in solution in 
ter *, the quantity absorbed being greater v/iih regard to 
Mme salts than with regard to others. Since these sub- , 
' stances} therefore, are usually contained in iLe ?c>:], and 
since they are capable of passing by absorption into tlic. 
vegetable system, their presence in vegetables is ratlicr to 
be expected, aiki it would even be surprising if tlity v/crc 
entirely wanting. 

Saussure farther found, by comparative trials on plant. 
supplied W'ith pure water, and with water in winch cer¬ 
tain salts were dissolved, that the saline matter wliich ha.l 
been absorbed remained in the plant, and might be de¬ 
tected bft the ashes formed by its combustion f. It like¬ 
wise* followed, from other comparative experiments, that 

•V • 

when beans were made to vegetate, by being supplletl in 
one arrangement with distilled water, being-^lantjjd in 
another in gravel in glass capsules placed in the open 
fields and supplied with rain-%vater, and in a third, being 
planted in tire common soil in pots,—in all these cases, 
the quantity of ashes they afforded on burning was differ • 
ent} from 100 parts of tlie dried vegetable matter of tin. 
%|it, 3.9 parts of ashes were obtained } from 100 of the. 
•econd, 7.5’'partsi from 100 of the third, 12 parts j. 

In the last place, the proportions of the elements of the 
ashes have almost .always a certain relation to the soil. 
Plants which have vegetated in & soil that has originated 
from the disintegratipn of a siliceous rock, furnisli, other 
circumstances being alike, a^es wHch co^ain less lime 


~ " r . ,. T---1 , - , , .1 1- 

’"^^echerchea, p. 251. 
t Ibid. p. 259. t Ibid. p. 281. 
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and more sfiex than those which have grown in a calca¬ 
reous soil. If the soil, however, contain much vegetable 
mould, this may not happen: the ashes Will then be alike. 
This was established by an experiment made by Lampa- 
^lus. He prepared in a .garden, five spots of four feet 
‘ square surface, and one foot depth ; in each he put a 
mixture of a pure earth, and of eight poAnds of anhnal 
manure. He sowed rye-seeds in each ; and the ashes of 
the plants produced were found fo contain the same prin¬ 
ciples. Lampadius concluded from this, that the earths 
found in vegetables, or at least some of them, are formed 
in vegetation ; but, as Saussure lias remarked, the manure 
not having been analyzed, might contain a fufficient 
quantity of those earthy and saline substances most con¬ 
genial to the plant, and which it would absorb *. 

All thcQC facts appear in favour of the conclusion, that 
the Saline, earthy, and metallic substances found in plants 
are derived from the soil. 

From this conclusion, Saussure explains very well a 
number of facts connected with the production of ashes 
by incineration from vegetables, which otherwise have 
not been accounted for f. Thus, it has been sufficiently 
ascertained by repeated experiment, that herbaceous plants 
adbrd more saline matter than those which are larger, and 
have more wood. Now he observes, that according to his 
experiments, saline matter is conveyed into tlie plant only 
by absorption of water holding it in solution, and this on**’ 
Jy In very minute quantity. It follows, therefore, that 
those plants whdeh absorb ami transpire most should con- 
tain the largest quantity of saline matter, as the largest 


• Recherches, p. 283, 


f Ibid. p. 274, &c. 




106 


CHEMICAL PHYSIOLOGY 


4 }aiuitity must be conveyed Into their substance. But it 
is proved, by the experiments of Hales and Bonnet, that 
herbaceous plants transpire more than those of a larger size.. 

( 

It may be expected, that the saline matter will be prin- 
cipally deposited in those orgaps in which transpiration 
is petforiped. * These are chiefly the leaves; and accord¬ 
ingly, experiment has proved, that, in a given weight, the 
leaves yield more saline matter than any other part of the 
plant. The bark, Sauteure found, contains more than 
the interior parts, and obviously from a similar cause. 

When the parts of a vegetable, the leaves for example, 
Yifashed repeatedly with v'^atcr, they aflbrd a smaller 

9 

ijuanti^ of ashes on burning, than when burnt without 
this previous washing. 

It is to be added to this general statement, that al¬ 
though these principles are chiefly derived from the soil, 
Saussure found reason to conclude, from some experi* 
ments, that the atmosphere may aiFord a portion of them. 
Tlicexperiment by which this was to be determined was, 
fdmoosly, to cause grains to grow in distilled water, and, 
by,a comparative experiment, to determine whether the 
plants |>roduced afforded more saline or earthy matter than 
was contaitted in the seed. On making the experiment, 
it was found, that there was a small increase of this mat¬ 
ter during the vegetation, which, according to the views 
of Saussure, had probably been deposited from the atmo¬ 
sphere on the leaves of the plant 

c 
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CHAP. 11. 

OF Tin: PROXIMATE prixcipYes of 

V 1.0 KT ARLES. 


I F the chemist, in the examination of the products of 
the vegetable kingdom, were under the necei^ty of 
investigating the properties and composition of indi¬ 
vidual substances produced by every plant, the task, from 
its extent, could scarcely be executed. It is one, how¬ 
ever, which is altogether unnecessary ; for however nu- ’ 
merous and diversified the products of vegetation may 
appear to be, they are all reducible to a few species, ca¬ 
pable of being distinguished by appropriate characters. 
These form what are named the Immediate or Proximate 
Principles of Plants : they are obtained directly by a very 
simple analysis, and are all compounds formed by the 
combination of the ultimate elements of vegetable mat¬ 
ter. 

Thus, suppose that the object of the chemist is to dis¬ 
cover the composition of the bark of any vegetable, he • 
docs not attempt to resolve it at once into its ultimate ele- 
ments, since from this, without an intermediate analysis, 
little information would be gahied. But he endeavours 
to discover of what immediate principles, capable of be-, 
ing separated and distinguished from each other, it is 
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composed. If, with this view, it be subjected to macera- 
^tion in water, it will probably communicate to the water 
colour, taste, and other sensible qualities. If the remain-, 
' ing bark be next heated with water in close vessels, a por¬ 
tion of fluid distils over, from which, on standing, an oily 
matter may separate, possessing odour and taste in an 
eminent degree. If the matter which remains is digested 
tn alkohol, a substance may probably still be extracted, 
which had hitherto resisted the action of the water ; and 
by repeated experiments of this kind, nothing is at length 
left, but the inert ligneous fibre. If it be now inquired, 
what was the composition of the bark, the analysis war¬ 
rants the conclusion, that it consisted of a peculiar matter 
soluble in water; of another, not soluble to any extent, 
but volatile at the temperature of 212; and of a third 
substance, neither soluble in water nor volatile, but capa¬ 
ble of combining with alkohol, or of being dissolved by 
it. These, mixed with each other, and attached to the 
insoluble ligneous fibre, formed the bark. In a similni 
manner, the seed or fruit of a vegetable, its juices, or any 
of its productions, may be analyzed. 

The result of such researches is the discovery of a cer¬ 
tain number of common principles, capable of being dis¬ 
tinguished from each other by peculiar properties, and 

p 

forming, by their mixture or combination, all the varieties 
of vegetable matter. It is to these chiefly that the atten¬ 
tion of the chemist, so far as it is directed to the products 
of the vegetable kingdom, is confined. Xt would not on¬ 
ly be an endless task to exumine chemically every indivi¬ 
dual vegetable substance, but it would be one, in a che- 
mi^ point of view, comparatively without utility, since 
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ma^ would be found so much alike, that no discrimina¬ 
tion of them as chemical agents could be established. 
One essential oil, for example, may differ from another in* 
its taste, or its odour, or in its action on the animal sys¬ 
tem i and similar differences may exist in different resins, 

a 

.or different gums. They are with propriety obsenred and 
recorded by the naturalist, or by the physician, as they 
are often adapted to important purposes in medicine or 
in the arts. But by the chemist, such trivial dUfferences 
must be neglected. They probably depend, indeed, on 
variations in the chcmival composition of the different 
substances; but such variations are by far too subtle to 
be traced with any accuracy by chemical analysisj* Thus, 
the great number of essential oils which exist in (he*ve- 
gctable kingdom possess the same general chemical qua¬ 
lities, and would afford, on decomposition, the same ulti¬ 
mate principles in the same proportions ; or, if any differ¬ 
ence of proportion were observed, it could never be clear¬ 
ly established, that this was the cause of the differences in 
their properties. And the case would be the same with 
regard to the other proximate principles. This necessarily 
leads to a more general examination, or the chemist must 
rest satisfied with reducing all these varieties to a few 
well-defined species ; those under each species agreeing 
in all their essential chemical properties and relations, 
though they may vary somewhat in their sensible quali¬ 
ties. 

The first step, then, in the consideration of the vege¬ 
table substances, is the discrimination of these species, or 
of what arc named the liifierent Proximate Principles. 
These exist in the entire vegetable in various states. Some 
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are collected in particular organs, nearly pure; other^are 
mixed with the common sap, or with each other; and 
tome are chemically combined together. Different me- 

‘ V 

, ihbds,>^erefore, are employed to obtain them separate. 
Soindtimes'thcy are procured by spontaneous exudation 
from the living vegetable ; some may be obtained by me- 
dianical expression *, those which arc volatile are separat¬ 
ed by the dfie application of heat, and others are extract¬ 
ed by thelt solubility in water, alkohol, or other solvents. 

'' ’When thus obtained separate, their properties are easi¬ 
ly examined, and thus the requisite discriminations be¬ 
tween them are established. 

•IfiitW last place, it is necessary to investigate the coni- 
|»>skion of these substances. This is a subject of inquiry, 
however, extremely difhcult: it is liable to all the inac¬ 
curacies arising from a complicated analysis ; and we are 
altogether unable to bring our conclusions to the surer 
test which synthesis affords. 

Tlie hrst mode of eScctIng this analysis, and the one 
which has been most generally employed, is the mere ap¬ 
plication of heat. When a vegetable is raised to a tem¬ 
perature superior to 212°, in close vessels, the superfluous 
.water it contains is first expelled: its decomposition then 
commences, and its elements enter into new combina¬ 
tions ; a coloured empyreumatic oil distils over *, this is 
accompanied and followed by an acid which condenses in ■ 
tlte fluid form : a quantity of aerial fluid is also extricat- 
edji, which, when examined, is found itu general to be a 
mixtfi^ of carburetted hydrogen, carbonic oxide, and car- 
^hnaic atdd ; and af^quantity of cliarcod remains, with mi¬ 
nute portions of salts, canhSi and metals, which the ve- 
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getanle matter had contained. The nature of this analy-> 
618 is sufficiently evident. The vegetable matter does not 
consist of the products thus obtained; but by the heat* 
applied, the balance of attractions subsisting between its 
principles has been broken : these have entered into new 
•combinations, and have formed the oil, the acid, and other 
substances which the analysis affords. The oil results 
from the union of part of the hydrogen wkh part of the 
carbon of the vegetable matter ;^the acid, from the com¬ 
bination of another portion of carbon and hydrogen with 
oxygen ; and the carburetted hydrogen, and carbonic acid 9 
are evidently other ppducts of the j^ame principles, united 
in other proportions. - 

This analysis of vegetables by Hre was often perform¬ 
ed by the older chemists. They supposed, that by means 
of it they might discover the source of the peculiar pro¬ 
perties of different kinds of vegetable matter. With tliis 
view, above one thousand different plants were analyzed 
by the members of tlic French Academy, in the beginning 
of the last century, but with no advantage : the same pro¬ 
ducts were afforded by tlie analysis of all of them; and 
these products not being such as pre-existed in the mat¬ 
ter analyzed, but originating from new combinations of 
its principles, could give no just idea of its composition, 
at a time when tlicse ultimate principles were entirely 
unknown. . 

Even modern chemistry derives limited information 
from such an analysts. We can indeed collect all die 
products, we can, farther analyze them, so as to de¬ 
termine their cbmposhion, or ascertaid the simple sub¬ 
stances of which they are formed^ and the proportions in 
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which they are united v and hence it might be concluded j 
that we might determine with certainty their absolute 
tomposttion. But in such experiments, there arc sources 
of error unavoidable, and nearly inappreciable. From slight 
variations of'temperature, the new combinations formed 
win be considerably varied ; and as the simple substance^ 
which thus act^ on each other are capable of combining 
in numerous modes and proportions, products will be 
formed whose composition we can scarcely exactly deter¬ 
mine. We arc also always uncertain what proportion of 
the products of the analysis have pre-existed in the vege¬ 
table matter, or have been actually formed* Thus, we can 
never l^ow how much of the water it contained has been 
decomposed, or how much of the oil or acid obtained is 
the product of new combinations. 

Still, from such an analysis, we derive some general in¬ 
formation on the composition of the vegetable products; 
and several just and important conclusions from experi¬ 
ments of this kind are to be found in the works of mo- 
'^dern chemists. If, for example, the vegetable substance 
which is exposed to heat yield a large quantity of acid, 
we conclude, that it has contained a considerable quanti¬ 
ty of oxygen as a constituent part. It is thus that we dis¬ 
cover that gum or sugar contains much more oxygen than 
the fixed or volatile oils do. If, again, it yield much oil, 
we conclude, that it contains a considerable quantity of 
hydrogen, since this clement is the principal constituent 
part of empyreumatic oil. In like maimexv when ammo¬ 
nia or prussic acid is afibrded by this kmd of analysis, we 
infer, riiat the substance operated on edntains nitrogen, 
as that element is neceissary for the formation of either of 
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these substances. In the same manner, are discovered the 

earths and metals which the vegetable may contain; an/i 
from the quantity of charcoal which remains, we can 
draw some conclusion as to the quantity of carbon which 

* ^had existed in its composition. 

* Sometimes the proximate principles of vegetables ’are 
analyzed by exposing them to heat, witU^he access oT at¬ 
mospheric air, and collecting the products of combus¬ 
tion that takes place. From the liature of the^e products, 
we can ascertain the nature of its component'principles i 
and from the quantities, we may even ascertain the pro¬ 
portions in which they were united. Oil, for example, 

.n. 

subjected to this analysis, yields nothing ^car¬ 
bonic acid and water. Wc conclude, therefore, that it is 
fOiTiposed of carbon and hydrogen, since these principles 
united with oxygen form these products, and since, if any 
dilicr simple substance had existed in the oil, it would 
have appeared, either pure, or in combination witli oxy¬ 
gen. We can even determine in this manner the propor¬ 
tion in which the carbon antl hydrogen existed in the oil. 
We know what quantity of carbon exists in a given quan¬ 
tity of carbonic^acid, and what quantity of hydrogen exists 
in a given quantity of water; and therefore, by determin¬ 
ing the quantities of carbonic acid and water produced by 
the combustion, we can ascertain the quantities of carbon 
and hydrogen which the substance contained, hi this 

s 

manner, Lavoisier found, that expressed oil consists of 

ff 

twelve parts of jcarhon united with three of hydrogen* 
The proximate principles of vegetable's are likewise 
sometimes analyzed by subjecting them to spontaneous 
decomposition. It is thus that sugar is brought into the 

H 
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S and frO* £l.c products of the fer- 
n«!feiion,' t1te principles of the saccharine matter are de- 

• tetminea. From supfi an operation, Lavoisier inferred, that 
.;iu^ is coinposed of eight parts of hydrogen, twenty- 

't eight of carbon, and sixty-four of orygeo. 

Lastly, the analysis of these substances is eflected by 
-agency of the acids, which communicate to them 
' siyeen, »nd by tlie. product tl.e nature of their acidifiable 
/baseris. ast^tata^d. The nitric, and the oxymur.at.c 
acid i particular, are employed with tins intention. 

$ So\ in general, are the methods by which vegetable 
. Blatter may be analyzed. It is only necessary to observe, 

- that ef riments of this kind are subject to unavoidable 

• efrotVm the execution, and that they afford little more 

than an approximation to the truth. 

. The following are the proximate ptinciples of vegeta¬ 
bles that have been discriminated with sufficient preci¬ 
sion i Cum, Fccula, Sugar, Gluten, Albumen, Getotin, 
Fixed Oil, Wax, Volatile Oil, Camphor, Resin, Extract. 
Caoutchouc, Tanin, Acids, Ligneous Fibre. To these 
have been added, some that are mote Mpmocal, as 
the colouring matter, the aroma or spiritus rector, 
the bitte^,.acrid, and narcotic principles, and some 

No unifi^ity is„observed in the distribution of any 
of these ptmeipies, with regard to,, the dUrctent parts 
of plants. The ligneous fibre forms the basis of the eii- 
: tire v«etable; the others are distributed'tough every 

and'frult. a^tbe.to being tbesame with 
' the others. Guw, fe<|1>l3, saccharine matter. 
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ami oil either fixed or volatile, genefally form the matter 
of the seeds ; the acids are usually coutakied in the frui{ ; 
the extractive matter is very generally dl^tised through 
the vegetable *, tanin is found principally in the bark } the 
fixed oils are obtained in general either from the seeds or 
fruit, the volatile oils either from these, or from the wood, 
bark, or leaves. Cum, saccharine matter* and resin/ofteni 
compose the secreted juices which spontaneously exude. 


IKU. 1 


Of rri Mini 


Tiirf principle of vcpc-t .bio ma*^t r app 'iti to bo one 
of the first products of tb^* s to wbub sap is 

subjected in the process of iti (n. It is coiiMlncd in 
many plants ; is found principally in tlic eeels and roots, 
but also in the stalks, bark, aiu! loaves ; ami is sometimes 
formed in such quantity, as to bo discharged by sponta- 

I 

ncous exudation fiom the buk. It often exists in com- 
bination with some v>f the other proximate principles, 

particularly with fecula, sugar, extractive nratter, md re- 

1 

sin. There arc seeds and roots, however, fiom ubich it 
can be extracted nearly pure, as from the seeds of the 
Llnuin usitatissimum, or the roots of Althea odlcina- 

^ ^ f 

JIs. ^Vheh discharged by spontaneous exudation, it is 
gcnertilly pure; and from some of the gums obtained in 
this manner. it.s characters a distinct tprinciple arc tie- 
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tlved. When in a soft or liquid state, it is named Mud* 

lage; when in a Solid form. Gum. 

Gum is generally in small fragments, wrinkled, and 

smooth on the surface, brittle, semi-pellucid, with fre« 

•quently a tinge of yellow or red * it is inodorous and in- 

■ 

sipid : it is neither fusible nor volatile: when heated, it 
softens and blac^ns, and is soon decomposed : it has lit¬ 
tle inflammability; for although, when heated in contact 
with the air, its carbon or hydrogen may combine with 
oxygen, yet it scarcely presents the phenomena of com- 
bustion, the flame, even when the temperature is raised 
high, being scarcely perceptible. 

Gum is soluble in water, either cold or warm, in every 
propol^on. Its solution is viscid, and, when the ptopor- 
tion of gum is considerable, is of a thick consistence, and 
is adhesive. By evaporation, the gum may be obtained 
in a concrete form, and is soluble in water as before. 

The solution of gum in water become^ sour on being 
kept for some time, from the formation of a portion of 
acetic acid. This change is said to arise merely from the 

re-action of its own elements, and not from the absorp- 
* 

tion of oxygen. By no management can gum be made to 
undergo the vinous fermentation. When mixed with 
yeast, and kept in the proper temperature, it retains its 
naturll taste, and acquires, after a number of days, only 

« ^ ’ll 

a peculiar and offensive smell 

Gum is^ perfectly insoluble in alkohoh This re agent 
even precipitates it from its watery solution, or rather 
renders the solution milky, and b the lest lly which gum 


* Ciuickaliank iu Boitc) on Diabetes, p. 47i» 
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is usQi&lly recognised. It it alao it»olub!e in ctlieri and in 
oils, either volatile or £xed. From ita .f^iscosity, mud- 
lage serves to diffuse oil more perfectly ^ough waterj 
and to retain it in this state, of diffust6xi| forming a milky 
^ mixture $ and for this jiurpose U is employed in pharr 
>nacy. _ , 

Gum is not directly dissolved by any of the concentrat¬ 
ed acids, but is decomposed by them, the decomposition 
varying as to its products, aepording to the kind acidy 
and according to its state of concentration. Sulphuric 
acid blackens it, or evolves a iijuantity of its carbon: it 
causes; at the same time, part of its oxygen and hydro¬ 
gen to combine to form water $ and a portion Hf acetic 
^cid is also produced. , * . 

Nitric acid exerts a different action upon it. No car¬ 
bonaceous matter Is separated ^ but the elements'of the 
gum receive oxygen from the nitric acid, and portions of 
oxalic acid, malic acid, and the peculiar acid named sac- 
cho>l|Ktic, are formed. The products, however, appear 
to be different, according to the concentration or dilution 
of the nitric acid, and according as its action on the gum 

f 

IS promoted or not by heat. Mr Cruickshank appears, 
by using a diluted acid, to have obtained from gum only 
oxalic acid, a small portion of oxalate of lime being like¬ 
wise deposited from part of the acid combining with the 
portion of lime which is always contained in gum. From 
treating'an ounce of gum arable with an cqual|ll>roportbn 
of nitric acid properly diluted, the quantity of crystals of 
oxalic acid formed amounted to 3 drachms 3^ grains. 
'With these were mixed a white powSer, aioounting to 
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€^ grWsi %lnchhe f6und to be oxalate of 4Ime} nor 
dbes .sioy saoch^a^tlc acid appear to have been f<p:med *» 

On the other hahd, from the experiments of Fourcroy 
and Vauquelin, it appearSj that the quantity of this acid* 
produced hy the action of nitric acid on gum, is consider- f' 
able, when the nitric acid is concentrated, and its action 
pronfotcd by hcdt. In this mode of making the experi¬ 
ment, from 14! to 26 parts of saccho-lactic acid were ob- 
taine^rom. loo parts of gumf If the acid has not been 
boU^ oii the gum, or if it has hot been concentrated or 
'^employed in too large quantity, malic acid is also formed 
with the oxalic acid, and it is converted into thfs latter 
adkl, b|^he continued action of the nitric acid. From 
100 parts of gum arable, these chemists obtained 24 of 
malic acid, care being taken to avoid the conversion of 
any of It into oxalic acid f. 

Oxy-muriatic acid converts gum principally into citric 
held. For this purpose, .it requires to be applied in its 
concentramd state, a current of oxy-murlutic acid gas be- 

I 

ing. transmitted through a solution of gum in water. 
Vauquelin, who made this experiment, found that the 
‘ gum was^. almost entirely converted into citric acid:|. 

. Muriatic acid,‘exerts little action on gum. It may be dis- 
I solved in the concentrated acid ; the liquid becomes 
brown; a little carbon is separated ; the gum is changed 
, in its properties, but does not appear to be converted in¬ 
to any acidi 

^ - . . . - ■ - . - - ^ . 

* *Rollo on Diabetes, p.'t468{» ’ ' 

f Fourcroy*s Systenv'of Cht^istry, vol. va. p. 197, &c* 

' j Assialcs de pLimie, toniS-i, pt 178.^ 
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^le alkalis and alkaline earths, when dissolved in wa¬ 
ter, dissolve gum^ithout producing on it much change. 

The decomposition of gum by heat aifords that mode 
of analysis by which we discover with most accuracy its 
elements and their proportions. Tite products are a large 
quantity of an acid liquid formerly regarded as a peculiar 
one, and named, as being obtained front the decomposi¬ 
tion of mucilage by hre, pyro-mocous acid, but now dis¬ 
covered to be acetic acid, disguised a little by a, small 
portion of empyreumatic oil: With this acid liquor, there 
distils also a portion of empyreumatic oil; carbonic acid 
gas and carburetted hydrogen gas are produced, and there 
is a residuum of charcoal, light and spongy. Ftom this 
analysis, it was inferred, that gum consists of carbon, hy- 
iirogen, and oxygen, these being the elements of these 
products. The quantity of acid being greater than that of 
oil, it was inferred, that gum contained more oxygen than 
some of tlie other vegetable principles ; while, being less 
than that from sugar, it was supposed to differ from this 
principle, in contaiaing a smaller proportion of oxygen. 
The proportions, as given by Tourcroy and Vauquclui, 
were 2 . 1.08 of carbon, 11 . 51 * of hydrogen, and <> 5.38 of 
oxygen. Tlie experiments of Mr Crutckshank have 
thrown more light on its composition. He observed, that 
when the pyro-mucous acid obtained in its analysis by 
heat, was saturated with lime, a strung smell of ammopia 
was perceptible ; hence this alkali had boon formed in the 
decomposition of the gum, and of course nitrogen must 
enter into the composttioti of this substance. He farther 

B 1 

found, that the residual charcoal contained a little lime, 
in part combined with phoephoric acid.^ From one ounce 
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of gum arable exposed to heat in a retorttthjere were obtain¬ 
ed S drachms SO grains of pyro-m%cous actdi diluted 
with water) and mixed with a little empyreumatic oil; the 
residuum of charcoal amounted to 1 drachm 46 grains ^ , 
27S ounce measures of aerial fluid were collected in the i 
apparatus connected with the retort, of which 9S were 
carbonic acid^ and the remaiij^ing 180 that variety of car- 
buretted hydrogen that is obtained from moistened char¬ 
coal bj exposure to heat.-The charcoal, when burnt, left 
a whitish powder, amounting to about 10 grains, which 
was found to be lime, mixed with a very small portion of 
calcareous phosphate. Similar results were obtained from 
gum tfdigacanth) another pure gum ; one Ounce of it 
yielded 4 drachms 5 grains of pyro-mucous acid, 1 drachm 
45 grains of charcoal, 78 ounce measures of carbonic 
acid gas, and 91 ounce measures of carburetted hydrogen 
gas. The acid, when supersaturated with lime, gave out 
still more ammonia than was disengaged from the acid 
obtained in the decomposition of gum arabic; and the 
charcoal) when burnt, left a white residuum of 12 grains, 
which was found to consist of lime, with a little calca¬ 
reous phosphate. Lime was also discovered by re-agents 
in the solution of gum arabic in water: when a small 
quantity of sulphuric acid was dropped into it, necdle-like 
crystals were slowly deposited ; and when these were re- 
dissolved in distilled water, and oxalate of ammonia add¬ 
ed, a copious precipitate of oxalate of lime immediately 
took place 


Kollo on Diabetes, 1%. 462. 465. 
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Vauquelin has since given some additional facts on the 
analysis of gum. He not only found cailionatc of lime, 
with a small proportion of phosphate of lime in the ashes 
k left after the combustion of gum, but likewise a small 
. quantity of oxide of iroi\. The lime existing in gum, he 
' supposes to be combined with an acid; as the solutions of 
gam, instead of giving any indications df pure Umd, 
tlier indicate acidity; and a bit of gum, rubbed on paper 
moistened with a blue vegetable juice, rendered it red. 
The only soluble compounds of lime with a Tegetable 
acid are those with the malic and with the acetic. The 
former is only soluble with an excess of acid ; it is pro« 

bable, therefore, that it is with the acetic acid diat it is 

• 

combined,—a probability confirmed by the consideration, 
that acetic acid exists in the sap of vegetables of which 
gum appears to be one of the first products *. 

From the experiments on the composition of gum, it foi- 
lows, that Its ultimate%lemcnts are carbon, hyefrogen, and 
oxygen, the proportion of oxygen being less than in sac¬ 
charine matter; but that with these are also combined 
smaller proportions of nitrogen and lime. From the ad¬ 
dition of these last elements, an important difiFerence is 
ostablibhed between gum and other two principles with 
which it has some relations, fecula and sugar: they are 
capable of being made to pass into the vinous fermenta¬ 
tion, which gum is not *, and this difference appears to be 
owing to their presence, principally, perhaps, to that of 
Uic lime. Mr Cruickshank accordingly found, that when 

ft 

* NichoUon’s Journal, volj^ xii. p, 256. 
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lime was added to a solution of sugar, the latter was ren¬ 
dered incapable of undergoing the fermentative process *, 
Gum is usually obtained, either by spontaneous exuda¬ 
tion, or by incisions made in the trunk and branches of**^ 
trees. Its existence in vegetables is easily detected. It^ 
is only necessary to boil gently the vegetable substance 
with water: the water dissolves the gum i and if tlie ve¬ 
getable contained much of it, the decoction will be gluti¬ 
nous* It may be allowed to stand till the impurities have 
^subsided: it is then to be evaporated to the*consistcnce of 
thin, syrup. The addition of three parts of alkohol will 
precipitate the gum. 

' Qf the dilTerent gums, those obtained by spontaneous 
exudation are the purest, though they also differ in. pu¬ 
rity, and in some of their qualities, as produced from dif¬ 
ferent plants* The purest of them, the Gum Arabic, is 
the produce of the Mimosa nilotica, a plant a native of 
Egypt and Arabia. It is white or yellowish, semi-trans¬ 
parent and brittle, perfectly insipid, and free of odour. 

It is easily soluble in watpr, forming a viscid solution. 
Gums exude from the cherry, plum, and other trees of 
this country, very similar in their qualities to the gum 
arabic, but less pure, and' more coloured. 

The other principal gum, termed Tragacautli, is the 
produce of the Astragalus tragacantha, a native of the 
island of Crete. It is in small wrinkled pieces, less brit¬ 
tle and Jess transparent than those of the other gums. Its 
solution in water is much niore yiscid and adhesive tha^i 
that of the gum arable. It i|i also somewhat opaque, and 
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does not feel glutinous, but slippery. From tWs circum<« 
stance, Hcrmbstacdt has distinguished two substan^ 
CCS as diflcrcnt proximate principles, applying the name 
.of Gum to that which forms with water transparent 
glutinous solution, and that of Mucilage to that which 
* forms with water a solution more or less opaque and 
slippery ; gum arable being given zs an *example of* the 
one, tragac.inth of the other *. This distinction, however, 
is entirely nugatory. The slight'cloudincss of the solution 
of tragacanth, or of the mucilages of seeds or roots, may 
be owing to the admixture of a minute portion pf fecula, 
oi!, or some other vegetable matter. In all tlieir essential 
pioperiies tlu.-y arc petfoctly alike ; and Mr CruickshanVs 
e.\ptriments show, that their composition's the same. 

It appears, that, from some of the vegetables of this 
country, gum or mutiUge may be extracted in such 
quantity, that they may alTord a source whence an abun¬ 
dant supply may be derived for its consumption in some 
of the arts, particularly in calico-printing, in which it is 
largely used. Mr Willis some years ago observed, that 
the root of the plant called blue-bells or har<>bcUs (Hya- 
cinthus non-scriptus) was extremely mucilaginous. A 
pound of the bulbs of this root, when dried, yielded about 
four ounces of a powder which afford to water, by ma¬ 
ceration, a strong mucilage, and, when tried for the pur¬ 
pose of thickening the mordant and fixing the colours iu 

calico-printing, was found to answer equally well with 

» * 

gum arable, when used in the same proportion*!, lie 

• Medical and Physical Journal, vol. i. p. '7J. 

I Xftliolson’s Joumal, 8vo. vol. vil. p. 30. 
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has $mCe discovered other vegetablesi the roots of which 
^ffbrd a mucilage equally strong with that of the Hya* 
cin^us non<fScriptuSt particularly the vernal squil (Scilla 
vema) and ^ the white lily, (Xilium candidum), andL- 
which might be used as substitutes for gum arabic when 
it bears a high price Some experiments on the mucilage 
of the Hyacinthus hon-seriptus, and on its application to 
useful purposes, have been likewise made by Leroux. 
.He has given different methods of preparing it: that 
which on the whole answers best, is to macerate the 

* t 

hulbs of tlie root in a sufficient quantity of water, to form 
a thick mucilage, which is expressed, and dried by expos¬ 
ure to the air. Hiis mucilaginous matter appears, from 
hts experimenis, to have all the properties of gum : it af¬ 
forded the same products by analysis, and suffered simi¬ 
lar changes from the action of the acids f. 

A discovery of perhaps still more importance in the 
arts, is that of a method of extracting a mucilage, which 
may be employed as a substitute for gum, from the dif¬ 
ferent lichens which grow on the bark of our common 
trees and shrubs. The method was discovered and made 
public by Lord Dundonald « The lichen does Jiot 
consist wtirely of a gummy matter. There is the outer 
skin or cuticle; below that a green resinous matter; the 
remainder of the plant consists of partly gum, partly a 
matter somewhat analogous to animal substances, and a 


* Nicholsqn^s Joufn^,^8vo. vol.''ix. p. 234, 
f Aimak’S de Cbim^i tom. xl* p. H.'i. 

*1 Philosophic^d^^^gsi^ine^.-yoh p. 293. 
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5 maU proportion of ilbrous matter^ which cannot he dia« 
solved by boiling, or the action of alkaline salts. 

** The first process in preparing gum from the lichen Is 

^o free it of the outer skin of the plant and the resinous 

matter. Hits is done by scalding the lichen two or three 

* tiroes with boiling water, allowing it to remain so long in 

the water as, by absoibing it, to swell: in doing this/ the 

skincracks, and comes off along with the greatest part of 

the resinous matter. Or it may be freed from them by 

gently boiling the lichen for about fifteen or twenty mi« 

nutes, then washing it in cold water, laying it afterwards 

upon a stone or brick floor, where it should lie for ten or 

twelve hours, or peilnp; more. The reason for this is, 

» * 

that the exposure for that time to air greatly facilitates 
the subsequent extraction of the gum, 

« The scalded lichen is then to be put into a Copper 
boiler with a due proportion of water, two wine gallons 
to every pound of lichen, and boiled during four or five 
hours, adding about half an ounce or three quarters of 
an ounce of soda or pearl-ashes for every pound of li¬ 
chen ; or, instead of these salts, about half an English 
pint of volatile alkali. The boiling sliould be continued 
until the liquor acquires a considerable degree of gummy 
consistence. It is th^n to be taken out of the boiler, al¬ 
lowed to drain through a wire or hair cloth. The resi¬ 
duum is to be put into a hair cloth bag, and to be squeezed 
in a press similar to that which is used by the melters or 
rinders of tallow. 

“ The first boiling does not extract the whole of the 
gum. The lichen should be b(^ed a second and even a 
third time, repeating the process as above described, di- 
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minishing at eacli process the quantity of water and the 
quantity of alkali, which a little experience will soon point 
out. When three boilings are employed, the gummy ex¬ 
tract of the last boiling should be kept for the first boilv 
jng of a fresh batch of lichen. The extract proceeding 
from the first and second boilings shoufd be mixed toge¬ 
ther^ and evaporated to the consistence necessary for block 
or press printing. The evaporating vessels should be' of 
tin or thin lead, placed over a range of stoves, and mode¬ 
rately heated by fire or the steam of water.”—“When gum 
from the lichen is to be employed for making ink, manu¬ 
facturing and staining paper, and for stifFening silks, 
crapes, and gauzes, it should be extracted from the lichen 
without employing any alkaline salts, c(<iitinuing the boil¬ 
ing or digestion longer, and with a moderate degree of 
heat, in which case the gummy extract will be nearly 
colourlesff. When volatile alkali is used, the boiler should 
be of iron, as volatile alkali acts on copper.” From a cal¬ 
culation which Lord Dundonald adds, it appears, that 
the mucilage thus obtained may be used with much ad¬ 
vantage as%a substitute for gum j and it has, I believe, 
been employed by the calico-printers of this country, at 
least in some of their processes. 

Pure gum is not an active substance, considered with 
respect to its effects on the living system. In medicine, 
it is only used for its lubricating quality ; and so little 
activity does it exert, that it has often been taken for a 
considerable time as an article of food. Though pure gum, 
however, is thus inactive* t|w^'Virtues of many vegetables. 
are found to depend on;%;:|«ii^i% matter. 

„ >.V ' '•/' ' 

From its chemical is of rather more j 
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importance. As a component part orf vegetaWe matter, 
it renders the other parts more soluble in watery licjuors. 
In pharmacy, it is ofc(Mi used as a medium 'to suspend 

oils, balsams, and resins, in water. In the arts, the difFer- 

« 

ent gums are applied to various purposes, from their ad- 
' h.esivc quality, and to diffuse powders in watery fluids • 
they are thus used in dying, ink-making., calico-printing, 

?iC. 
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FECULA, OR STARCH. 


The term Fecula, or Starch, is appropriated to a sub¬ 
stance existing in vegetables, similar in many of its pro* 
perties to gum. It is a dry, w'hite, insipid powder, which 
forms tlic principal part of the nutritive grains and roots* 
It is extracted from them by beating them in water, or 
by working the powder of them, made into a paste with 
water, in th| hand ; the soluble parts are dissolved ; the 
fibrous and glutinoi$ parts remain unaltered; and there is 
diffused through the water a fine white powder, which 
gradually subsides, and may be dried. This is termed the 
Fecuja of the plant. 

If wheat Hour, for example, be subjected to this opera- 

< t 

tion,—if a quantity of it is made into a paste with water, 
inclosed in a bag, and wroiji||]|tf constantly, while a stream 
of water is poured uponIt, the^eater jpart of it is carried 
off in the form of a white powder; which forms the sub- 
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Stance commonly named Starch. This is a pure fccula. 

A similar product may be obtained from rye, and, in ge- 
- • 

xicral, all those grains which are used as food. It can also 
be obtained from the potatoe, and from other roots and^ 
stems of plants. Sometimes it is extracted from the 
most poisonous or acrid plapts, the poisonous or acrid ' 
matter being soluble in the water, and being, of course, 
easily separated from the fecula. 

,■ The principal of these .is the starch of wheat, which is 
prepared in the following manner: The grain, well clean- • 
ed, is kept in cold waiter until it soften and swell, so that 
the husk separates ; and by pressure, it then gives out a 
milky fluid. The grains are put into a hempen bag, and 
pressed or beat, cold water being poured on them in sufii- 
cient quantity. The fecula is thus pressed out, and dif¬ 
fused through the water. As the water receives from the 
grain at the same time a quantity of saccharine matter, it 
soon runs, in tlie temperature at which it is kept, into the 
acetous fermentation ; and the weak acid thus formed, by 
digesting on the fecula, renders it much whiter than it 
otherwise would be. After it has subsided, the clear li¬ 
quor is run olFi the precipitate is repeatedly yashed with 
water; it is then pressed in a cloth 8 force out the wa¬ 
ter i is cut into small pieces, and dried with a moderate 
heat. ' ' ' 

When, by any process of this kind, a fecula is obtained 
pure, it exists under the form of a light white powder, 
easily divisible, and very soft to the touch, and when sur¬ 
veyed in a strong light, appfejwing to be in the state of 
minute brilliant graina: i^ ts insipid, and inodorous. 
Sometimes it renoains stilf united with some of the other 
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principles of the plant, from which it receives more or less 
colour, smell, and taste. Fixed oil, when united with it, 
is separated perfectly- with difficulty ; and a compound 
pf this kind forms the residuum obtained in the extraction 
of fixed oil by expression from seeds. 

* The peculiar property by which this principle is clear-^ 
ly distinguished from every other, is its complete insolu¬ 
bility in cold water, while with hot water it forms a ge¬ 
latinous solution. Its insolubility in cold water is very 
evidently shown in the mode in which it is prepared, as, 
although it is agitated in the water, and suspended in a 
state of very minute division, no part of it is dissolved. 
Its solubility in hot v/ater is discovered, by diffusing a lit¬ 
tle of it in cohl water, and heating the mixture to a tem¬ 
perature of IGO or 180, or by pouring boiling water on it. 
In either case, a solution of it takes place, more or less 
gelatinous, according to the proportion of water employ¬ 
ed. This jelly may be dried info a stiff hard mass, which 
is still insoluble in cold, soluble in hot -water. 

By forming a gelatinous solution in hot water, fecula 
appears to approach to the nature of gum; but its total 
insolubility in cold water at once distinguishes between 
them, and characterizes it as a peculiar principle. 

There is another chemical quality by which it is not 
less unequivocally distinguished ; it is capable oi being 
converted into sugar, and of thence passing into the vin¬ 
ous fermentation, which neither gum nor any of the other 
vegetable principles is. 

Fecula is entirely insoluble in alkohol, or in ether. 

Exposed to heat in eonUct the air, it blackens, 
swells up, and forms A cbywiipal. If strongly heat- 
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ed, it bums. When heated in close vessels, it affords a 
^large quantity of dilute pyro-mucous or acetic acid, with a 
little empyreumatic oil; carbonic add and carburetted hy¬ 
drogen gases are extricated, and a portion of charcoal rc^ 
mains. From this analysis, fecyla appears to be a ternary 
compound of carbon, hydrogen, and oxygen. Some traces 
of phosphate tff lime are to be found in its ashes ; but 
this may arise from the gluten often associated with fe- 
cula, a small portion of •which may adhere to it. 

The action of the acids on fecula is somewhat analo- 

C 

goUs to that which they exert on gum. When much di¬ 
luted with water, they dissolve it, especially if the tem¬ 
perature be raised, and form a gelatinous solution. If con- 
centrated, they decompose it. Sulphuric acid blackens it, 
by evolving a portion of charcoal ; and water and acetic 
acid are at the same time formed. The action of muriatic 
acid is similar, but less energetic. Nitric acid does not 
separate its carbon in a sensible form, but affording to it 
oxygen, converts it into malic and oxalic acids. This ac¬ 
tion takes place most completely when the nitric acid is a 
little diluted, and a moderate heat applied. 

The alkalis, when in solution in water, dissolve fecula or 
reduce it to the consistence of a jelly, without the assist¬ 
ance of heat. The acids separate it from this combination. 

There are few plants which do not afford more or less 
of this principle ; and it is contained in all the nutritive 
seeds and roots. It is generally mixed or combined with 
other principles, and sometimes intimately, so as not to be 
easily separated. It does not appear to be completely 
formed but in ceVtain states of vegetation. Thus, in the 
iiutritjvp grains^ it is perfect only when they have attain- 
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ed maturitjr: previous to that periodi it is in a state ap¬ 
proaching to mucilage mixed with saccharine matter. 
It is probably formed from mucilage in the progress of 
wegetation j and Leroux, in his experiments on the muci¬ 
lage of some of the tuberose roots, observed, that in the 
mere drying of the mucilage, especially towards the end 
of the process, when the matter began to lose its huhiid- 
ity, a portion of it appeared to be converted into fecula *. 

This principle is sometime*s employed in its pure 
state medicinally, from its nutritious quality, and from 
being easy of digestion. Sago and Salop are fecula of this 
kind. The former is the produce of the Cycas circinalis, 
and is extracted from the pith of the stem and branches, 
by maceration in water; it is washed, passed through a 
perforated copper plate, so as to reduce it to grains, which 
are dried. Salop is the produce of the Orchis mascula. 
The lately introduced arrow-root powde r is said to be the 
produce of the Maranta arundinacea. Cassava is prepared 
from the tuberose root of the manioc, (Jatropha Manihot). 
With the fecula of this root, there is associated an acrid 
and poisonous juice, which is however completely separ¬ 
ated by washing, in the process by which it is extracted. 
The roots of the Bryonia alha and the Arum macuhtum 
are likewise composed principally of fecula, associated 
with acrid matter, which is separated in the process by 
which the fecula is extracted from them. These two were 
formerly prepared for medicinal use. Wheat affords per¬ 
haps a larger quantity of fecula than any other vegetable 
substance, and in a state of perfect purity. A very pure 


* Annales de Chimie, tom. xl. p. 156. 
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fecula, in large quantity, is also extracted from the pota- 
ttoe, the root being peeled, well cleaned and rasped, the 
pulp placed on a hair sieve, and water poured on it until 
the fccula is extracted, which, after being deposited, ft 
W’ashed and dried. It amounts, according to Dr Pear- 
son*s experiments, to from 15 to 17 parts in 100 of the 
root, the remaining parts being water, with 8 or 9 of 
fibrous matter, and 5 or G of mucilage : this fecula has 
been used as a substitute, in stiffening linen, and similar 
purposes, for the starch of wheat. Lastly, some of, tire 
lichens contain a large quantity of fccula ; and the Lichen 
islandicus, which has been celebrated for its mild nurri- 
tivc.quality, consists entirely of it, so as to afford a fe- 
cul.i nc.irly pure, wlu-n reduced to pow'der. 

Fecul.i is, of any variety of vegetable matter, best a- 
dapted to the nourishment of animals ; and it forms the 
principal part of ali the seeds and roots which are usotl 
articles of food by man. Its high nutritious power is well 
shown, by the fact, that some of the most nutritive of 
these, and which even alone arc capable of sustaining 
animal strength and growth, as rice, or the potatoe root, 
contain no other principle that can contribute to this, but 
fccula. Thus, the root of the potatoe, according to Dr 
Pearson’s analysis of it, contains, besides fecula, only a 
small portion of mucilage and fibrous matter j yet, as he 
remarks, there is sufficient evidence, that the potatoe root 
and water, with common salt or other Reasoning, can 
nourish as well as any other vegetable matter and water, 
wdlh seasoning.”^ 

Fecula, be.sides its use, either pure, or under the form 


* Repertory of Arts, vol. iii. p. 3Sd. 
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uf the nutritive grains as an article of diet, is used in 
the state of its gelatinous solution, for pasting and stiffen¬ 
ing linen or other kinds of cloth. It also enters into the 
^:omposition of some pigments. 


Rose has lately pointed out a principle very analogous 
to focula, though differing from it in some properties, 
which is extracted from the rebt of elecampane, (Inula 
helenium). It is deposited in the form of a white pow- 
der from the decoction of the root, after it has stood for 
some hours. It is insoluble in cold water i is soluble in 
boiling water : the solution, thougli liquid while hot, be¬ 
comes gi.latinous as it cools ; and in the course of ’some 
hours, t!ie solution deposites the greater part of the sub¬ 
stance dissolved, in the form of a compact white powder. 
Alkohol precipitates it from its solution in water. This 
wlnte matriT, thrown on burning fuel, melts like sugar, 
and evaporates, diffusing a white pungent smoke, leaving 
a small coally re^iduum. At a red heat, it burns with a 
vivid w'hlte flame. By distillation, it gives an einpyreu- 
matic acid, without any empyreumatic oil. Nitric acid 
converts it into malic and oxalic acids, an<l, when in ex¬ 
cess, into acetic add From these properties, it is inferred 
by Rose, that this substance is neither gum nor ferula, 
but intermediate between tliem j and he considers if as 
probable, that scver.il pr'ducts, which have been regard¬ 
ed as varieties of fecula, are rather of the nature of this 
powder *. 


* Nicholson’s Journal, vol. xii, p. .97 

• * 
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Saccharine matter is very generally mixed with the 
fecula in the seeds and roots of vegetables. It exists also 
in still larget* quantity as one of the secreted or proper 
juices of the plant. It is ‘not a constant principle, but is 
formed chiefly, or in any considerable quantity, only.at 
certain periods of vegetation. In fruits, it is found in 
abundance only in a state of maturity ; and in those plants 
which afford it in largest quantity, it is more abundant at 

t 

certain periods than at others. 

The plant named the Sugar Cane (Arundo saccharife- 
ra) has been long cultivated for the production of sugar. 
The juice of it, at a certain season, consists principally of 
saccharine matter: it is' pressed out by subjecting the 
canes, cut short, and tied in bundles, to the pressure of 
three upright iron rollers or cylinders, the middle one of 
which is made to revolve. The expressed juice is imme¬ 
diately conveyed into copper pans, in which it is to be 
clarified, l^his is done by heating it with a quantity of 
pure quicklime, by which the portion of acid present in 
the juice, and which prevents the concretion of the sugar, 
is neutralized j the lime in combination with this acid, 
and with some other vegetable matter, is precipitated ; 
towards the end of the operation, a scum collects on the 
surface, consisting of the mucilaginous and oily matter of 
the juices, with any grosser impurities entangled in it. 
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When this is fully formed^ the fire is damped^ and the li¬ 
quid is allowed to remain at rest, to become clear. It is 
afterwards run into the evaporating bdiler> jn which it is 
made to boll, the scum, as it rises to the surface, being 
removed : it is removed from one evaporating vessel into 
’another, as the evaporation proceeds, until it be so far 
boiled down, that on cooling, the sugar vidll concrete^ It 
is then run into the cooler, a large shallow wooden ves¬ 
sel, in which this operation takies place ; and from the 
concrete sugar, the remaining liquid part, the Molasses 
of commerce, is drained off. 

The sugar thus obtained is in the state of small crys¬ 
talline grains, of a brown colour, and is not perfectly 
pure. It is sometimes obtained in a purer state, by running 
the inspissated juice into vessels of a conical form, the 
apex of the one being undermost, in which it is allowed 
to concrete ; by an aperture at the bottom, the remaining 
liquid is withdrawn, and there is applied to the base of 
the cone, or the uppermost part in its inverted position, 
a layer of clay, which is kept moist with water : this wa¬ 
ter filtrates slowly through the sugar, and more com¬ 
pletely removes the molasses. 

In Europe, the sugar is purified by a process some¬ 
what similar. It is fiif>solvcd in lime-water, and boiled, 
the lime being supposed to neutralize a small portion of 
.rcid that is still present in the unrefined sugar ; a quan¬ 
tity of blood is added, which forms a coagulum during 
the boiling, that rises to the surface, and entangles the 
impurities. The clear liquor is boiled down to the pro¬ 
per consistence : it is‘run, when cold,* into conical clay 
moulds, which arc'placed with the apex of the cone uu- 
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dermost: when it has become concrete, an aperture is 
made at this point; the base of the cone is covered with 
clay, which is moistened with water i and this water, 
slowly transuding through the sugar, dilutes and removof 
any superfluous syrup : the conical loaves are then dried 
in a stove. This operation is even sometimes repeated: 
theesugar is thtfs brought to the state of greatest purity : 
it is in the form cf a mass, composed of crystalline grains, 
white, and having a taste perfectly sweet, without any 
peculiar flavour. 

Other plants besides the sugar cane produce saccharine 
matter in such abundance, that it is extracted from them. 
In’ America, large quantities are obtained from the sugar 

r 

maple, (Acer sacebarinum). According to the account of 
the mode of extracting it given by Dr Rush, the saccha¬ 
rine juice is most abundant in the tree in the spring 
months : the stem of the tree is at that season bored with 
an auger, the instrument being introduced about three- 
fourths of an inch, and in an ascending direction, and the 
aperture being afterwards deepened gradually to the ex¬ 
tent of two inches. When the juice ceases to flow from 
thif!, or is much cllmini&hed in quantity, a similar aper¬ 
ture is made in another part *, and in the course of from 
four to six weeks, during wiiich tlie juice continues to 
flow, a large quantity is collected. The saccharine 
matter is procured from it by boiling it until the 

greater part of the superfluous water is dissipated ; a 

« 

small quantity of slacked lime being added, virith a por¬ 
tion of milk, or of the whites of egg to clarify it, and a 
little butter, to prevent the liquor from boiling over the 
vessel. The sugar is made to concrete, and is clayed and 
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refined nearly in the same manner as is practised in the 
manufacture of sugar from the sugar cane. From the 
juice yielded by a irce of the usual size, five pounds of 
sugar may be extracted, and the operation can be repeat* 
ed annually, the tree not.being injured by the tapping *. 
^rhe tree begins to afford the saccharine juice when twen<* 
ty years old, and ceases to afford it wherr about sixty or 
seventy years of age. 

The beet (Beta vulgaris), the* parsnip (Pastinaca sati- 
va), the carrot (Daucus carotta), the turnip (Brassica ra- 
pa), and several other plants allied to these in their natu* 
ral characters, are known to contain, at certain periods of 
their growth, juices possessed of a considerable degree of 
sweetness, deposited principally in their roots ; and Mar- 
graaf long ago extracted from all of them a portion of su¬ 
gar f. A few years ago, the production of sugar from the 
beet engaged in particular the attention of the German 
chemists ; and it was supposed, that it might be cultivat¬ 
ed with advantage, to obtain a substitute for the sugar of 
the West India islands. Different memoirs on this sub¬ 
ject hare been published by Achard Hermbstaedt H, 
Lampadius ^f, and others. The general process for ex¬ 
tracting it, as described by Achard §, consists in softening 


♦ Transactions of the American Philosophical Society, vol. 
iii. p. 64. 

f Memoires de PAcad. des Sciences ^de Berlin, 1747. 

:|; Nicholson's Journal, 4to, vol. iii. p. 237. 2S8. 

11 Ibid. p. 333. 410. 

«f Annales de Chimil', tom. xxxviii. p/76. 

§ Ibid. tom. xxxii. p. 264. 
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the roots, by boiling in water, cutting them in slices, and 
^ expressing the juice by a press. The expressed juice is 
Sprained, and is reduced by boiling to^about two-thirds. 
It is then strained^ and is reduced, by farther boiling in 9 
smaller boiler, to about one-half. It is strained a third 
time, and, in a still smaller boiler, is reduced to the con-' 
Sistance of a syrup. This syrup, put into shallow earth- 
jen vessels, is kept in an apartment heated by a stove to a 
temperature of from SO^to 120 of Fahrenheit, until the 
sugar is deposited in an irregular crystallized mass. The 
remaining liquid is poured off, and the soft mass of su¬ 
gar is subjected to pressure, gradually increased, in a bag, 
so as to force out the liquid part, and obtain the sugar 
dry. The addition of a portion of lime-water in the boil¬ 
ing has been supposed to facilitate the concretion of the 
sugar, and has, in particular, been recommended by Lam- 
padius, and supposed by him to operate by neutralizing 
the acid contained in the juice. He has introduced some 
other variations in the process, as expressing the juice 
from the roots without previous boiling, adding in the 
subsequent boiling a portion of milk, which, by its coa¬ 
gulation, serves to clarify the juice ; and reducing the 
heat considerably in the last stage of the evaporation *. 
And Achard, in a process which he has given subse¬ 
quent to the first he proposed, employs a little sulphuric 
acid to coagulate the albumen of the juice, and afterwards 
lime, both to abstract this acid, and promote the crystal¬ 
lization of the sugar f. More lately, Hermbstaedt has 

* Annales Chimie, tom. xxxviii. p. 70. 

Nicholson’s Journal, vol. xii. p. 259. 
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given a process still more simple^ and less expennve. The 
juice of the beet being expressed, is clarified with lime, 
in the same mannet^as the juice of the sugar cane. It is 
thign evaporated to the consistence of syrup, is left to 
cool, when a coarse brown sugar concretes, leaving a por¬ 
tion of syrup 

In some former experiments, Hermbstaedt obtained, 
from \2o lbs. of the roots of the Beta vulgaris, lb; of 
brown sugar, and 1^ lb. of syrup, which drained off. This 
sugar has rather a disagreeable taste, but by clarifying the 
juice with the white of an egg, (for which, in the large 
way, blood might be advantageously substituted), the su¬ 
gar is obtained white and pure f ; and by some process of 

• 

this kind, it has been manufactured and refined so as to 
be equal to the common refined sugar %. The product, 
however, is very various, and is much dependent, as 
Achard has shown, on the methods practised in the cul¬ 
tivation of the plant; and by a due attention to those cir¬ 
cumstances by which the production of saccharine matter 
is increased, he calculated, from his experiments, that in 
Germany brown sugar might be obtained from the beet 
in the large way, at an expence not exceeding threepence 
2 }er pound. In a report presented to the National Insti¬ 
tute, the result of the calculation is rather less favour¬ 
able \ but the reporter admits, that the experiments on 
which this was founded were not sufficiently varied, nor 
on a large scale ||. 


* Nicholson’s Journal, 8vo, vol. xiii. p. 267. 
f Ibid. 4to, vol. in. p. 168. Ibid. p. 47#. 

)| Ibid. tom. XXXV. p. 134. 
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The fecula of vegetables, it has^already been remaiked, 
is convertible into saccharine matter by the action of 
oxygen. This takes place in gcrmina^on, and when per- 
formerl on grain previous to fermentation, constitutes l|)re 
process of malting. 

Sugar is also produced in the animal system in some 
morbid states^and is discharged by some of the secretions 
in considerable quantity. 

Sugar, when pure, ha« a perfectly sweet taste, free from 
any peculiar fl vour: it is inodorous and of a white co- 

I 

lour; and in the state in which it is usually prepared, is in 
masses composed of brilliant grains : the sugar from dif* 

i 

ferent vegetables, however, often retains a portion of ex¬ 
tractive, mucilaginous, or oily, matter, from which it de¬ 
rives taste, flavour, and other qualities. 

Sugar is abundantly soluble in water : at the tempera¬ 
ture of 50 it does not require more than its own weight 
for its solution. At a higher temperature the quantity 
dissolved is greater; and at that of ^12 the water can 
retain any quantity in solution. The consistence of a 
strong solution of sugar in water, is thick and viscid. In 
pharmacy it is named Syrup, and different syrups arc pre¬ 
pared from vegetable juices, or vegetable infusions, by an 
addition of the requisite proportion of sugar. 

Sugar crystallizes from its saturated solution : the form 
of the crystals is a prism of four of six sides, bevelled 

at each extremity, or sometimes acuminated by three 

« 

planes *. 


r 


f 


* Journal de Physique, tom. xliii. p. 462. 
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Sugar is likewise soluble in alkoholi and the solution 
affords crystals on evaporation. In the vegetable analy- 
siS| this solution may be advantageously employed to ex¬ 
tract sugar from tljcse vegetable products which contain 
it in small quantity, as it frees it from the mucilage which 
otherwise adlieves to it *, and by slow crystallization it miy 
be separated any other principle wdfich the alkohol 
had dissolved, ily^his process Margraaf obtained pure 
sugar from a number of vegetaWes. 

When exposed to heat sugar is blackened, swells up, 
and burns to a coal; and if the heat be high tl.is is ac- 
qompanied with flame. The products of its combustion 
are water and carbonic acid. 

« 

Tlie fixed alkalis combine with sugar in solution in 
water ; the rdkaline properties, as I-.owitz observed, are 
little altered by the combination, even when a large quan¬ 
tity of sugar is used, and the alkah is boiled with it. The 
sweet taste of the sugar is nearly destiv jed, but on add¬ 
ing sulphuric acid, and precipitatiisg the sulphate by ai- 
kohol, the sweetness is completely restored Tht com¬ 
pound of sugar and potassa appears not to be soluble in 
alkoho!, though both its ingredients are : Mr Cruicfc- 
sbank having found, that when alkohol was added to a 
portion of the solution of sugar and pure potassa, after it 
had been boiled to the con.sistencc of a syrup, no union 
took place, but the alkohol, though the mixture was re¬ 
peatedly agitated, sw'am on the surface. 

The action of the alkaline earths on sugar is similar to 
that of the alkalis. In boiling a solution of sugar with a 


* Cruickshank, Rollo on Diabetes, p. 4fil. 



142 


SUGAR. 


little lime, Mr Cruickshank found, that the lime com¬ 
bined with the sugar, and communicated to it a very bit- 
ter astringent taste, though the sweetness still in some 
degree remained : by evaporation the liquid vras reduced 
to a semi-transparent substance, much more tenacious than 
the thickest syrup, and having a rough bitter taste mixed 
wkh a certain*.degree of sweetness. Oii'xdding alkohol 
to the original solution, a precipitate, in white flakes was 
formed, which appeared to be a combination of sugar 
with lime. Sulphuric acid added to the solution, preci¬ 
pitated the lime in the state of sulphate, and in a great 
measure restored the natural taste Lowitz had before 
observed, that sugar communicates a much greater degree 
of solubility to lime, equal parts of them being boiled to¬ 
gether in water. In reducing this compound to dryness 
by inspissation, a white mass was obtained extremely ac¬ 
rid and caustic. The solution in boiling, he found to be¬ 
come thick and turbid, lime being precipitated; but as it 
cools the lime is redissolved, and it recovers its transpa¬ 
rency. Alkohol added to it, precipitates the lime; the 
alkaline carbonates decompose it by forming carbonate of 
lime; and it appears to be decomposed on exposure to 
the air, from absorption of carbonic acid, minute crystals 
being formed, and the sweetness of the sugar being at 
length restored f. 

Sugar is decomposed by the acids. Sulphuric acid 
blackens it, by causing an evolution of part of its carbon 
in the state of charcoal, while the remaining principles of 


* Rollo on Diabetes, p. 461. / 
f Journal de Physique, tom. xlii. p. 460. 
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the sugar enter into new combinations, forming a portion 
of water, and probably of some of the vegetable acids. 
Nitric acid yields oxygen to it, and converts it into an 
agid, which, from being abundantly formed by this oxy- 
genizement of sugar, was at one time named Saccharine 
'acid, and which Schecle demonstrated to be merely ox¬ 
alic acid. process consists in pouring six parts of 

nitric acid on oiKi^wrt of sugar in coarse powder, and ap¬ 
plying a moderate hea\ ; an effervescence takes place, and 
nitrous acid vapour is disengaged : the application of the 
heat is continued until this censes, and in the remaining li¬ 
quid prismatic crystals soon begin to form, which consist 
of oxalic acid, and which, according to Mr Cruickshank’s 
experiments, amount to rather more than half the weight 
of the sugar. There remains an micrystallizabie liquid, 
consisting principally of malic acid. The action of oxy- 
muriatic acid ozi sugar, is somewhat different as to its re¬ 
sults. According to the observation of Vauquelin, when 
a little sugar is put into liquid oxymuriatic acid, it is con¬ 
verted into citric acid j but if oxymuriatic acid gas be 
transmitted through a solution of sugar, the liquid when 
evaporated afl'ords a residuum, presenting all the characters 
of caramel or sugar that has been imperfectly burnt *, 
From the chemical changes which sugar suffers from 
the preceding re-agenrs, it may be inferred, that it is a 
compound of carbon, hydrogen, and oxygen. Its com¬ 
position is however determined with still more precision, 
by its decomposition by heat. The products of its des¬ 
tructive distillation in ^closc vessels, are an acid liquor, be- 


* Anoak’s de Cliiinie, torn. vi. p, 22(>. 



SUGAR. 


ing acetic acid diluted with water, and a little empyreuma^ 
tic oil; carbonic acid, and carburetted hydrogen gases, are 
disengaged in considerable quantity; and the residuum is 
charcoal. The proportion of acid is larger than that ob¬ 
tained from the decomposition of gum. From one ounce 
of sugar decomposed by heat, the products in an experU 
ment made by^-Mr Cruickshank * were 

Dr, Cr. 

ft 

Acid >vith a drop or twq of empysjumatic oil, 4 30 

Charcoal, - - - - 2 0 

Carburetted hydrogen gas, - 119 oz. raeaslires. 

Carbonic acid gas, - - 41 — ——-- 

The acid, when saturated with lime, gave no indication 
< 

of ammonia, as that from gum does j neither did the char¬ 
coal contain any lime! neither nitrogen nor lime there¬ 
fore enters into the composition of sugar, and it Is to be 
regarded as a compound merely of carbon, hydrogen, and 
oxygen. It differs from gum in the absence of nitrogen 
and lime ; and from fecula probably in the proportion of 
oxygen being larger and of carbon being less; since in the 
process by which fecula is converted into sugar, oxygen 
is absorbed and carbonic acid evolved. The proportions 
of its principles, as determined by Lavoisier, from the 
changes it suffers in the process of fermentation, are 64 
of oxygen, 28 of carbon, and 8 of hydrogen ; but these 
were inferred from results so complicated, that they can¬ 
not be regarded as at all certain. 

% 

From the differences which exist in the composition of 
gum, fecula, and sugar, we may trace, though perhaps in 

- / - 

* ^Rollo on Diabetes, p, 466. 
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M imperfect manner, their successive formation in the 
process of rcgetation. The sap is composed of vegetable , 
matter, mixed with several salts which have lime for their 
basis. Mucilage or gum, which seems to be the first pro¬ 
duct from it by the powets of the plant, consists of car- 
6on, hydrogen, and oxygen, the general principles of ve¬ 
getable matt^,:yCombined with lime. Bf a further ela¬ 
boration the lim^ 5 ?erns to be abstracted, and the carbon, 
oxygen, and hydrogen^ alone brbught into union : this 
forms the fecula: and this again, by a change in the pro¬ 
portions of its principles, and particularly by an addition 
of oxygen, is changed into sugar. 

A fact apparently singular was observed by some of die 
German chemists, particularly by Achard, in their expe¬ 
riments on the production of sugar so as to obtain it 
economically from different vegetables,—that the exclu¬ 
sion of light from the vegetable, favours greatly its pro¬ 
duction, so much so, that a plant, the roots or stems of 
which are sweet while the light is excluded, lose tills 
sweetness when the light is admitted ». But it is known, 
that the exclusion of light in agrowing vegetable, always 
produces in it an accumulation of oxygen, and, according 
to the view of the subject new given, will favour the con¬ 
version of feculu into sugar. It may be added, that in ve¬ 
getables the saccharine matter seems to be formed ciiicily 
in the parts secluded from light, as it is most ahuiidant iu' 
the roots, and in the sap rising from them, whde there is 
not perhaps an instance of its being discovcretl in thc' 
leaves. 

• Nicholsoa’s Journal, 4to. vol. iii. p. 
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Sugar is formed however in the fruit of vegetables; and 
^ t with regard to this Achard likewise mentions a fact which 
appears at first view contradictory, that the formation of 
the sugar, contrary to that in the body of the plants is 
much promoted by light j this is indeed well enough 
known with respect to the maturation of fru;.. Instead, 
hdwever, of furnishing any exception to^/Is view of the 
formation of sugar in the vegetable sv^iiv-m, it confirms it; 
for it is not fecula, but‘an acid juice, which in the fruit is 
converted into sugar, and this conversion seems to be ef¬ 
fected, as we might a priori conclude, by an abstraction 
of oxygen from the acid. 

^Ir Cruickshank endeavoured to convert sugar into 
gum, by the action of substances which might partially 
abstract its oxygen. He added to a portion of syrup 
which filled an inverted jar placed over mercury, a little 
phosplmret of lime ; a consider..ble production of phos¬ 
phoric gas almost immediately took place; at the. end of 
eight days the syrup was withdrawn; it had no sensible 
sweet taste, but rather a bitter astringent one ; when fil¬ 
tered, alkohol produced a copious white precipitate in 
flakes, very much resembling mucilage separated from 
water by the same substance. 

“ This experiment was somewhat varied as follows; 
a little refined sugar was dissolved in alkohol, and to this 
solution a little phosphuret of lime was added; no phos¬ 
phoric gas was disengaged, nor was there any apparent 
action produced. More phosplmret being added, the mix¬ 
ture w'as allowe^d to remain in ifn open phial for several 
days. The alkohol having nowfevaporated, some distil¬ 
led water was added; but this produced no disengage- 
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ment of gas, as the phosphuret had been decomposed, 
and converted principally into phosphate of lime. The^ 
mixture being filtered, and the clear liquor evaporated, 
there remained a substance extremely tenacious, and which 
had much the appearance of gum arabic v its taste was 
bitter, wiib a very slight degree of sweetness *, when 
squeezed beU. een the teeth it had exactly flie feel of gtm, 
but more tenacib. *' ^ It did not appear to be soluble in 
alkohol, or at least irr any considerable quantity ; when 
thrqwn upon a red>hot iron it burned like gum, and left 
a bulky and insipid charcoal. 

“ It would appear that the saccharine principle had 
been destroyed in these experiments, and converted ^into 
something resembling a gum ; that this was effected by 
the abstraction of oxygen, is rendered highly probable 
from the nature of the substance employed, and the 
change which it was found to have undergone; for there 
are few substances which have so stroiig a tendency to 
combine with oxygen, as the phosphuret of lime. 

** Some other trials of a simil.ir nature were made, by 
mixing solutions of sugar with the different sulphurets, 
and by agitating them with nitrous gas in close vessels. 
The sulphurets, more especially that of potash, manifest¬ 
ly destroyed the saccharine taste j but on account of the 
solubility of the different products, the nature of the 
change could not be so easily and accurately ascertained. 
The action of the nitrous gas was more doubtful *.** 

A singular fact with regard to this subject, which I 
have not found taken'^otlce of by any ^hemist, was com- 




* Rollo on Diabetes, p. 4q9. 
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municated to me by Mr Cameron of GlasgoWi—that a so¬ 
lution of sugar may, by particular management, be made 
to assume the tenacity and thick consistence of strong 
mucilage. The experiment consists in adding If lb.of 
syrup (made with 1 part of water to 2 of sugar), to a gal- 

I 

Ion of water, in ^ stone bottle, mixing thcm^ell by agi- 
tatibn, stopping the bottle closely, and placjffg it in a tem¬ 
perature of about SO, for three days. In this 

time it assumes a gelatinous consistence, still retaining its 
saccharine taste, but which in the course of a ureejc or 
two it gradually loses. By boiling it for some time it loses 
considerably its gelatinous form, and assumes that of 
stropg mucilage of gum Senegal. I hare kept it in this 
state for a considerable time. 

It is not improbable, that in this experiment a slight 
change is produced in the combination of the principles 
of the saccharine matter, so as to bring it to the state of 
mucilage: and a curious fact observed by Mr Cameron^ 
that the experiment succeeded only with unrefined sugar, 
and not either with molasses or with refined sugar, accords 
with this; unrefined sugar probably containing a small 
portion of the lime employed in the process of preparing 
it, and lime being essential to the constitution of mucilage 
or gum. It has already been remarked too, that a solu¬ 
tion of sugar boiled with a little lime, forms a very tena¬ 
cious liquid. 

In the process of fermentation, saccharine matter suf¬ 
fers decomposition, its elements entering into new com¬ 
binations, whence; the formation off ardent spirit or alko- 
hol. The nature of this change j/ to be afterwards con¬ 
sidered. 



SVGAti, 


149 


Sugar is of imporfance as a substance nutritious and 
generally agreeable in taste. It exists in the greater part 
of the vegetable substances that arc used as articles ot* 
diet, and appears from some facts with regard to its use> 

to be even in its pure form highly nutritive. Even animals» 

■ 

•when par\jally supplied with it, it has been observed in 
the West litres, become fat and vigorous as during,the 
time of the su'l'ir harvest, though they are then kept al¬ 
most constantly at weisJc. By ils antiseptic power it pre¬ 
serves a number of substances from decay or putrefaction, 
and hence, in confectionary and in pharmacy, is used in 
the preparation of conserves, syrups, and similar compo- 
sitlcns. It is also used in the composition of some var- 
uishco, of ink, and of some pigments, to communicafe to 
them a decree of lustre. 


Thi- re arc some other substances of a saccharine na¬ 
ture, but difl'cring somewhat in their chemical properties 
from pure sugar, which may be noticed under this sec¬ 
tion. 


IVIanna is a secreted juice, afforded by several vege¬ 
tables, but obtained in largest quantity from several spe¬ 
cies of ash, particularly the Fraxinus ornus, which are 
cultivated in*SiclIy and Calabria for its production. It 
exudes spontaneous!;^ from the bark of the tree, but is 
obtained more copiov-sly by incisions Which arc made ir* 

^K3 
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the stem and branches. When it flows slowly it is more 
pure : it is collected on straws or chips of wood, and forms 
what is named Flake manna. When it flows more a- 
bundantly it is less pure, and forms the common manna 
of commerce. 

The purest manna is in pieces of a texture .>omewhat 
granulated, having a taste that is sweet, hy\ somewhat 
disagreeable. It is soluble m water an^p4lkohol. It ap¬ 
pears, besides saccharine .matter w.^h probably forms its 
basis, to contain mucilaginous and extractive matter, from 
which it derives its taste and peculiar qualities. An*d it 
is affirmed by Chaptal, that when its solution in water is 
boiled with lime, clarified with the white of an egg, and 
concentrated by evaporation, it affords crystals of sugar. 
He adds, that when decomposed by heat it affords water, 
acid, oil, and ammonia j its residuum of charcoal also af¬ 
fording alkali. 

Honey is another vegetable product, similar in many 
of its properties to sugar; it is formed in a number of 
vegetables in considerable quantity : it is collected by 
the bee ; and many other itisccts feed upon it. It is 
always formed in the flower, chiefly at the base of the 
pistil, and is exposed, frequently by a complicated ar¬ 
rangement, to the atmospheric air: it seems designed to 
receive and retain the fecundating pollen. 

The nature of this product is not very well ascertain¬ 
ed. ft evidently contains a large i^uantity of saccharine 
matter : with this it has been supplised a portion of mu¬ 
cilage is combined, from which it derives its softness and 
viscosity : And probably its peciiuar taste and smell, as 
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well as other qualities which honey from particular plants 
sometimes has, are owing to a quantity of extractive mat¬ 
ter, or of essential oil with which it maybe impregnated.' 
It is entirely soluble in water: by the action of nitric acid 
it i^^8onverted into oxalic acid, one ounce of honey afFord- 
*ing, accollfitiig to Cruickshank’s experiments, 4- drachms, 
4 grains of ^.cid, a quantity very little less ^han that afford¬ 
ed by pure sugvjr. 

Lowitz, in the cou'^ of his experiments on the effect 
of charcoal in absorbing t^e^ucilaginous and extrac¬ 
tive matter of various substances, supposed that by its a- 
gcncy he might abstract such matter from honey, and ob« 
tain its sugar pure. He found, that by adding a sufficient 
quantity of charcoal to honey, dissolved in water, he de¬ 
prived it of the smell peculiar to it, and likewise of its taste 
and colour : but on evaporating the solution, it resumed 
its colour, and did not shew any disposition to crystallize. 
On this inspissated liquid, however, being allowed to stand 
f\>r two months, small masses formed in it of a crystalli¬ 
zed .'ppearauce : these were obtained pure by diluting the 
wdiole with aikohol, which dissolved the glutinous matter, 
and not the concrete substance : this when dried, formed 
a powiler, which did not attract moisture, and w'hich had 
a very agreeable sweet taste. 

The granulated consistence of white honey, appearing 
to ansc from the concretloii of its saccharine part, he en¬ 
deavoured to separate that part by means of -dkohol. He 
thus procured from 12 ounces of honey, 3 ounces of sac¬ 
charine matter. matter still appeared to contain 

some lieterogeneous substance not soIuIjIc in aikohol. He 
therefore boiled pure ^Ikohol on the whole of ir : the 

Ki 
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saccharine part i»as dissolved, while a quantity of Insolu¬ 
ble matter remained on the hltre, through which the li- 
*quor had passed while hot. This liquor, after having stood 
for .'.onie deposited the saccharine matter in small 
spherical masses, which accumulating at length, 
a crust quite firm and perfectly white. This m^ter, how-* 
ever, L ,wjrz unable by any process tp^crystallize, 
though its texture sliewcd a kind of cr^alllne arrange¬ 
ment j exhibiting, when^examlne^j^<by the microscope, a 
kind <;f congeries of long needle-like crystals. 

This sugar of honey, Lcwitz found to tlificr in ‘the 
changes it sufFers from certain re agents, from common 
sugar, particularly from the action of the alkalis and al¬ 
kaline earths. If lime water be added to its watery solu¬ 
tion, which is perfectly limpid, a brown colour is imm <5 
diately acquired. Quicklime added to the solution while 
hot, produced a strong effervescence, and the mixture be¬ 
came immediately of a dark brown colour : and by con¬ 
tinuing to luld lime, the saccharine matter was entirely 
decornpe sed : the mixture became black, and emitted a 
disagrceablv sniell. The dark-coloured solution contains 
a large qumitity of lime, which is not precipitated by al¬ 
kalis either pure or in the state of carbonate. If preci¬ 
pitated by sulphuric acid, the residual liquor contains an 
empyreumatic acid, analogous to malic acid, and conver¬ 
tible into oxalic by the action of nitric acid. If the so¬ 
lution of honey and quicklime is thickenetl by evapora- 
' tion, after its brown colour is rcmioved by charcoal, a 


transparent matter is procured of ^ light yellow colour, 
which resembles gkm arabic, but has a bitter taste. 

/ 
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The fixed alkalis produce changes on honey, and on 
the Saccharine matter procured from it, the same as those 
from the action of lime; the honey or the saccharine' 
matter is decomposc<^ with effervescence, and the alkaline 
laste'^Mjd qualities, when certain proportions are observed, 
•are lost. ' Ammonia produces similar effects, but more 
slowly, and only when its action is promoted by heat *• 
Cavezzuli hab more lately given a process by which the 
sugar of honey is obt -ined in ^ crystallized state. Its 

crystallization from common honey he supposed to be 

» 

prevented by the presence of an acid; and the process 
therefore which he followed, was, after clarifying white 
honey, by applying a moderate heat, and removing the 
scum from its surface, to add to it egg-shells (which con- 
f.«wt,'|rrinclpally of carbonate of lime) in powder; an ef¬ 
fervescence took place ; the addition was continued to sa¬ 
turation, and the liquid set aside for some time. A thick 
scum which formed on its surface was removed, and some 
flocculi of a mucilaginous matter diffused through it, sepa¬ 
rated by filtration. A clear syrup was thus procured, 
free from the sliarpness of the honey. At the end of four 
months, crystals had been deposited from it in a crust at 
the bottom. This crust was of a red colour, and attrac- 
ted humidity, but the colour was removed by washing with 
alkohol, and after this operation it remained dry f. 

More lately Proust has distinguished two species of 
honey; the one, which constitutes the common yellow 
honey, of a uniform Consistence and viscid; the other, 

- ) -^- 

* Journal de Physique, tom. xlH* p, 45fi. 

I Annales de Cl^imie, tom. xxxix. p. 110. 
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the granulated white honey, which becomes solid, and as¬ 
sumes the form oi small spherical masses. He has dis- 
'tinguis.hed also twv species of sugar, one soft and not 
cap.ibie of crystallizing, which exists in the grape and 
other fruits, and in manna ; the other, the sugar^<r the 
sugar cane. From the white granulated honey^e has ob-* 
tained, by the action of alkohol, a white saccharine pow¬ 
der of an agreeable taste, and which he uegards as differ¬ 
ent from common sugar, and nearly the same with the soft 
sugar of the grape*. The.se diffFerences in both cases, 
however, if they do not arise from intermixture, must* de¬ 
pend on very slight modifications of the same species, pro¬ 
duced by variable causes, and in part probably by the very 
opefations by which they are recognised, and such dis¬ 
tinctions do little more perhaps than load and embarra'-'*' 
the science. 

The saccharine matter formed in certain morbid states 
of the animal economy, giving rise to the d58<Mse named 
Diabetes, appears very similar in some of its properties to 
the sugar of lioney. It suffers nearly the same change 
from lime: in the experiments made on it by Nicolas, 
when a little lime was added to its solution, and the whole 
boiled, on afterwards clarifying it with the wiiite of an 
egg, the liquor was found to have assumed a reddish 
brown colour, had lost its sweetness, and become acrid \ 


and when the lime was separated from the combination, 
by the addition of an acid, the sweetness was not resto- 


. This is precisely similar tohhe change the sugar 


* Annales deVChimie, tom. Ivii. p. 137} 3cc. 
f Ibid, tom, xliv. p. 65. ^ 
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of honey sufiers from lime, and is different from that 
which pure sugar undergoes. Cruickshank found, that 
the saccharine extract formed in diabetes is convertible' 
into oxalic acid by the action of nitric acid * ; a property 
wiu^bs^so belongs to the sugar of honey as well as to 
pure sug^. 


SECT. IV. 

GLUTEN, 

t ^Tesi^^-ONG with the fecula and saccharine matter which 
compose the principal part of the nutritive grains, there 
exists another substance, approaching more nearly in its 
characters to animal matter than any other product of the 
vegetable system. From the resemblance in its proper¬ 
ties to the animal principle formerly named Gluten, it 
has received the name of Vegetable Gluten. It has been 
believed likewise to exist in the juices of plants, and in 
some of their secreted products i but it is more easily se¬ 
parated from the farina of the nutritive grains, and it is 
from the gluten obtained in this manner that its charac¬ 
ters are derived. Its existence was distinctly pointed out, 
more than seventy years ago, by Beccaria, to whom 
we are indebted for\the simple analysis of the nutritive 
grains by which it is bbtained. 

* Rollu on Diabetes, p. 429. 
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In the process of obtaining the fecala of wheat, the flour 
is made into a paste with water, and kneaded in the 
'^hand, or rather in a coarse linen bag, water being pour¬ 
ed on it, until the fecula is carried off suspended in the 
water, and the sugar and other soluble princi^jpcf^in a 
state of solution. There remains, at the end oi this pro- 
ces.s, a soft visi^*ous substance, of a fibrous texture, pos¬ 
sessing great tenacity and elasticity. It is this which is 
denominated Gluten. J> is obt^ned in largest quantity 
from wheat; the quantity, on an average, amounting to 
about a twelfth part of the weight of the flour of that 
grain *, or taking into account the weight of the water with 
which it combines in its extraction, it varies, according 
to Bcccaria, from a third to a fifth of the weight of the 
fiour. It is contained in much smaller quantity ir -. 
other nutritive grain&p and can, indeed, be scarcely ex¬ 
tracted from any of them. Beccaria, however, found 
traces of it in maize ; and Fourcroy and Vauquelin, in 
their experiments on the different nutritive grains, have 
found, that a principle possessing the characters of 9 m- 
mal matter, and therefore probably gluten, exists in bar¬ 
ley, garden beans, and lupines. It cannot be discovered 
in rice ; nor are there any traces of it in the potatoe, or 
other nutritive roots. 

Gluten has also been supposed to be contained in the 
expressed juices of a number of plants. Rouelle had ob¬ 
served, that, in subjecting to pressure the fresh leaves of 
a number of vegetables, it depositec^^, on standing, a mat¬ 
ter which, from its colour, he nam^ Green Fecula ; and 

4 

in this substance discovered the existence of a princi¬ 
ple whi^h he considered as anak^gous to the gluten of 
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wheat. Fourcroy supposed this principle to be different 
from gluten, and to approach in its nature to the animal 
principle denominated Albumen, whence he named it Ve- 
ge^le Albumen. We shall find reason, however, to 
concltfi&e.^ that the original opinion of Rouelle is probab¬ 
ly more just, and that this principle may rather be regard¬ 
ed as a variety of gluten. • • 

The gluten obtained in the analysis of wheat flour, 
above described, is a so^'ii lyU g^ft viscous substance, ex¬ 
tremely tenacious, so that it can be drawn out to a great 
length, and moulded into any form : it is also highly e- 
lastic, so that when drawn to a great extent, it quickly 
resumes, when left to itself, its former volume : its tex¬ 
ture is distinctly fibrous, or it appears to be composed of 
^tlUeails. It has scarcely any taste, and a faint odour; its 
colour is greyish, and, when dried, it is semi-transparent, 
having then some resemblance to glue in its appearance. 
In its soft state it is extremely adhesive to the touch, and 
has, from this property, even been used as the basis of ce¬ 
ment, for uniting fragments of porcelain or glass. 

When exposed to the atmosphere, gluten remains for 
some time soft, acquiring a darker colour. If exposed to 
a dry and rather warm atmosphere, it dries slowly, loses 
its ductility and elasticity, and suffers no farther cliange. 
This induration of it is still more complete, when a mo¬ 
derate heat is slowly applied to it; it may then be render¬ 
ed hard and brittle.% But in a humid atmosphere, soft 
gluten retains its softiess, and soon passes into a state of 
putrefaction, swelling up, and acquiring an offensive 
odour,—.changes which are accompanied with a forma- 
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tion of ammotiiai acetic acid, and an oily matter *, If it 
has not been entirely deprived of the fecula of the wheat, 
this, according to Macquer^s observations, sulTers the ace¬ 
tous fermentation ; and the re-actlon of this small portion 
of acid, with the slow action of the lur and wa^cff^ con¬ 
verts the gluten into a substance, which, as Rouelle re- 
mafrked, has yt very near resemblance to cheese, and 
which, by the addition of salt, may be preserved in that 
state f. It then contain qin»^a and acetic acid. 

When kept immersed under water, it does not imme¬ 
diately putrefy ; a formation of acetous acid takes place, 
and, at the same time, ammonia is formed, which com¬ 
bines with this acid, though not in quantity sufficient to 

c 

saturate it. This evolution of acetic acid appears, as 

t 

Vauquelin has remarked, to check the progress' ol' 'trie 
putrefaction ; and, by its action, a portion even of the re¬ 
maining gluten is dissolved by the water In this state 
of solution, it gradually putrefies, separating in mucous 
pellicles. 

The portion of gluten that remains undissolved, after 
this kind of fermentation which it has suffered, if immer¬ 
sed anew in water, begins again to ferment,disengages car¬ 
bonic acid, becomes of a purple colour, and emits a feetid 
odour, similar to that from putrid animal membrane. After 
three months of this slow putrefaction, it has acquired a 
brown colour, exhales only a faint smell, is much diminish¬ 
ed in volume and quantity : when j ried, it formed small 

* Annales^de Chimie, tom. xxxviii. p. 259. 
f Fourcroy's System, vol. vK. p. 417* 

% Annalcs de Chimie, to^‘xxxviii. p. 259. 
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masses, which softened under the finger like wax, melted 

and burnt with flame, and was soluble in alkohol, which it 

• 

coloured brown; a portion which remained undissoivcd 
bjging in the state of a powder, inodorous, insipid, and very 
simdk»'- to charcoal powder, but burning with an acrid 
' odour, and affording ashes, in which iron and siiex were 
discovered. In this series of changes, « portion ofithe 
nitrogen and hydrogen of the gluten have united to form 
ammonia; part of its .caj^boT>/j«has formed, with oxygen, 
carbonic acid *, another portion of carbon, with hydrogen, 
has formed the unctu'>us matter ; and the remaining ele¬ 
ments have fornietl the residuum 

It is doubtful if gluten is soluble in pure water. When 
water is allowed to remain over it for some time, its tran- 
'‘1.p>.«'cncy is impaired, and a mucous matter appears to be 
dissolved, or rather suspended in it; by filtration, it may 
be rendered limpid : when heated, a glutinous matter se¬ 
parates in flocculi; and a precipitate is thrown dowr- by 
oxymuriatic acid, and by tanin. Hence Fourcroy has 
concluded, that gluten is soluble in water f. But it is not 
clear, that these phenomena depend on the presence of 
pure gluten in a state of solution ; and it is probable, they 
are connected with the ch.anges in composition which the 
gluten itself has sutfered, and probably with the produc¬ 
tion of acetous acid, from its partial decomposition. 
When water is boiled on gluten, it contracts, becomes 
more solid, and los<f^ its tenacity and ductility. 

_:_ i ___L 

* Annales du Museum d'Histoire Naturellc, tom. vii. pi -I. 
f Ibid. p. 3. 
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. is likewise Insoluble in alkohol: alkohol even 

jprec^itates the small portion of it which exists in water 
in a state of solution, when the water has been macerated 
on it. If gluten, however, which has been kept for S(^e 
time under water, so as to have passed into the jit^d fer¬ 
mentation, be triturated with a portion of alkohol, it is 
partially dissolved, and a liquid of a thick consis¬ 
tence formed. If more alkohol be added to this, part 
of the gluten is precipitat^^aJ^^ portion still remains 
in solution, and by filtration a transparent liquid is ob¬ 
tained. This is decomposed by water, gluten being pre- 
/Cipitated. By evaporation of the spirituous solution, the 
gluten is obtained dry, brittle, and shining. Cadet, by 
whom these experiments were made, has remarked, that 
the thick solution of fermented gluteif^n alkohol 
an excellent varnish, as it is transparent, adheres strongly, 
has a degree of elasticity, and does not scale ofF. A simi¬ 
lar varnish is obtained by dissolving the gluten in acetous 
acid; but that formed by alkohol is preferable. This 
latter solution also forms a cement for porcelain, and 
as excellent basis of paints *. 

Gluten is dissolved by alkaline solutions, when their ac¬ 
tion is promoted by a moderate heat. On the addition of 
an acid to the solution, the glutinous matter is precipitat¬ 
ed, but so far changed as to be no longer elastic. In a 
concentrated state, they still more evidently decompose it, 
form a kind of soap, while there i^ at the same time a 
production of ammonia. 

* Philosophical Magazine, vol. xiii. p. 9. 
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The changes pro4uced in gluten by the acids aie dl0tr- 
ent according to the nature of ^ acid, and its concentra-, 
tion dilution. Some of the weaker acids> as the acetic^ 
di^olve it, though hot without some change, asi during 
the soI:*tion, a portion of ammonia is generally formed ; 
^nd when the acid is neutralized by an alkali, the gluten 
is precipitated with the loss of its ductlKty : Fourcroy 
has afTirmcd, however, that it is precipitated with its 
I properties unaltered *. . it has undergone the 

sliglit fermentation which it suffers when kept under 

i 

water, it is still more soluble in acetic acid i and a por« 
tion of it appears from Vauquelin's experiments, to exist 
dissolved in the sour liquor obtained in the preparation 
of starch from wheat, probably by the medium of the 
IS acid, and in consequence of tliis slight change j. 
Hence, us he has observed, the necessity, in the prepara¬ 
tion of starch from wheat, to allow the liquor above the 
fccula to run into the acetous fc'i mentation, and in its 
acid state to remain over it for some time ^ the acetous 
acid dissolving thh portion of gluten which still adheres 
to it, and thus rendering the starcli more pure, of a 
whiter and more brilliant colour, and more loose and dry; 
while in the preparation of starch from the pntatoc, or 
from other roots or grains which do not contain gluten, 
this is not requisite. 

Sulphuric acid in its concentrated state blackens gluten, 
and causes a furmatic^ of acetic acid and of ammonia, 
with an evolution of c |rburettcd hydrogen. Nitric acid 

» 

^ Annalcs du Museum d’Histoirc Naturelkf, tom. vu. p. 4. 

Aunalcs de Chimie, tom ^xsxviii. p. 259.^261. 
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it nitrogen gas, and gives rise to the pro* 
^^uctlOA^ a portion of oxalic a»d malic acids. Muriatic 
ptt itiM^jt slowly, and in a manner somewhat si* 
milar to a<^etic« Oxymuriatic &id softens glumn, 
^ oljUU^es it into a yellowish ilocculent matter. It also 
pTeci|>itatcs itlrom>any combinations in which it is in a' 
State of soludoti, and thus alFords a test by which its pre* 
'sence may be recognised. 

This, like the other immediateprinciplps of vegetables. 
Is decomposed by heat *, but the products from its decom- 
{»OSition are peculiar, and are the same as tliose of animal 
i>inatter.‘ When exposed to a moderate heat, it swells con- 
ildmbly* If placed on burning fuel, it becomes quite 
8ol^ or semi-fluid, and burns with a foetid odour. If sub¬ 
jected to destructive distillation in a retort, it alTordb car* 
bonate of ammonia partly concrete, partly in solution in 
water, a large quantity of a thick cmpyreumatic oil, and a 
little prussic acid : there is disengaged also carburetted hy* 
drogen gas i and the remaining charcoal, which Is in con* 
siderable quantity, is of difficult Incineration. From the 
production of ammonia,' it is obvious that nitrogen enters 
Into the composition of gluten: fiom the large portion of 
oil which it likewise affords, it must contain much hydro¬ 
gen, while none of the products indicate the presence of 
* oxygen in any considerable proportion. Phosphorus also 
appears to exist in its composition. YauqUelin found, 
that the liquor formed in the preparation of starch from 
wheat, contained a portion of phosphoric acid in coirbi* 
pajjgn with llme^ probably derived from the gluten of the 
ffippeeat; and the'phosphate of lime found by the same 
to exist,in the ashes o^Wheat-ilour, has probably 
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the same origin. In its analysis, theri^foce^ gluteii jfireBeitts 
all the characters of animal matter, it does ^)sb In be* 
in^ liable to putrefaction, and iti affording nitrogen ^om 
•t® action of nitric acid. ; * 

Gluten appears to haye the property of promoting fer¬ 
mentation ; and the action of yeast in exciting this pro¬ 
cess, has been supposed to depend on tl^ gluten it con¬ 
tains. Vauquelin has remarked, that the water in itrhich 
gluten has been macerated for some time,^converts sugar 
into excellent vinegar without effervescence, and without 
the contact of the air 

From the nature of this principle, it mu^t contribute 
much to the nutritious quality of the grains in which it 
exists, as containing all the principles which are required 
for animal nutrition: hence the superiority of wheat, 
which contains it in so large a proportion, to the other 
nutritive grains. It is on the presence of this principle 
too, that the superior quality of bread from wheat, com¬ 
pared with that from the other grains or.roots depends, 
as Beccaria remarked. The flour of these forms with wa¬ 
ter a solid friable paste ; while the flour of wheat forms a 
paste that is ductile and elastic, in consequence of the de- 
velopement of its glutinous part, this gluten forming tlie 

4 

body of the paste tlirough which the fecula and saccha- 
rine matter arc diffused } and wlien the slight fermenta¬ 
tion which it suffex*^ probably from changes in the sac- 
charine matter^ favoured by the presence of the gluten, 
takes place, this past) is rendered spongy and posnbs^ 
from the disengagement of the carbonic acid gas from diC 

t 

* Annales du Museum d'pistoire KatimJUe, tom. vii. p. 4.^ 

hS 
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ierxneilfdlive process^ while it still retains tn some mea- 
sure its lelasticity $ and hence the lightness and porosity 
of well-haked wheaten bread. Bread possessing tliese qua- 
lltlAf cannot be prepared from the farina of oats, bar-ejf, 
rye, Or rice, or from that of any pf the nutritive loots, as 
in all these the quantity of gluten is>vcry incon.siilcrablO, * 
and In some of tlxem no trace of it can be discovered. 


It has been long known, that the expressed juices of a 
nurnber of plants, as scurvy grass, cresses, and others of 
the cruciform kind, contain a principle which is analogous 
in its properties to animal matter, which like ii is liable 
to putrefaction, and evolves ammonia during its decompo¬ 
sition. Ronelle, I have already remarked, regarded this 
principle as a variety of vegetable gluten, and he suppo¬ 
sed it to form the basis of the green fecula whlcli is con¬ 
tained in the expressed juices of a number of plants. 
Fourcroy, a number of years afterwards, finding that this 
principle exists in solution in these juices ^ that it is se¬ 
parated by coagulation by heat; that it is also coagulated 
by abids, while it is dissolved by alkalis,--.properties in 
which it approaches to the proximate principle of animal 
matter, denominated Albumcny.-M:onsidered it as different 
from gluten, and gave it the name of egctable Albumen*. 
Proust has more lately called in ^jestion the opinion of 
Fourcfoy, and rerited that of Rouelle: and the question 


* Auaales de Chimie^tom. iil p. 252. 
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as to the nature of this principle^ is involved m un¬ 
certainty. It wants some of the pbyaical character of 
gluten, but this may be owing to the fbnn,iti which it is 
■obUined} it approaches to it in several of its chemical 
characters: on the odier hand, it haji unquestlionabty 
some points of resemblance with animal albumen, and 
there is, therefore, a difficulty in deciding whether h can 
be regarded as perfectly identical with the gluten of heat. 
It is 60 nearly so, how ever, that its history may be con¬ 
sidered under this section. 

If scurvy grass, cabbage, cresses, or horse-radish, in 
their recent ttale, be subjected to pressure, the juice that 
1 > obtained is somewhat turbid but, on raising its tem- 
perature to between 170® and 212®, small floccuii are 
formed, wdiich ate diffiised through the liquid, or subside 
Iron! it, »ii 1 aic easily scpaiated by Bltration, It is this 
matter which I'ourcroy considers as vegetable albumen, 
or which, with Roucllc and Pioust, we may regard as 
.lUalogvius to gluten. 

In iti sepii ition, part of the green colouring matter of 
the plant, in a state somewhat similar to fecula, and some¬ 
times of a resinous nature, adheres to iti but Fourcroy 
luccceded in separating this, by the following process; 
The juice of young cresses being passed through a paper 
nitre, left the grosser fecula suspended m it on the filtre; 
the filtered liquid, though limpid, was of a green colour 
but after cxposwfe ^o the air for two hours, it became 
turbid, and, on beingjhltercd again, became limpid, leav¬ 
ing a quantity of green fecula on thq filtre. On now 
plunging the vessel containing it intola bath of boiling 
water, in a few minutes it became tutlfid, and a whitish 
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coagulated matter separated from it. Another portion oi 
the juice» left exposed to the air for two days, deposited 
eimilar fiOcculi $ and they were also separated by the ad¬ 
dition of sulphuric acid | 

* Thil concrete matter was found by |'ourcroy to bj in¬ 
soluble in water, even when boiling j it gave a green tinge 
to paper coloui<ed with mallow flowers ; the alkalis dis¬ 
solved it r^Nidily : macprated in water, it swelled, became 
soft, exhaled a foetkd ammoniacal odour, .md pissed to a 
state of putrefaction : exposed to a dry and warm atmo¬ 
sphere, after having been pressed betv'een bibulous paper, 
it acquired a degree of ductility and transpaToucy similar 
to that of glue : subjected to destructive diatilLition, it af> 
forded a large portion of ammonia. 

These chancters are equivocal, if regarded as ‘•erving 
to determine that this is a principle distinct from gluten, 
and analogous to animal albumen. 

The most characteristic property of this last substance 
is Its being coagulated by heat, separating from the liquid 
in which it is dissolved, and assuming a flocculcnt form. 
So far this principle contained in these vegetable juice? 
resembles albumen. But in the history of gluten it has 
appeared, that, by the medium of certain re-agents, of a 
very small quantity, for example, of acetous acid, it may 
exist m solution in water ; and that, when this liquor is 
heated, the’'gluten separates in flakes. Frousi has re¬ 
marked, too, that the coagulation matter from the 

vegetable juices takes place at 145^of Fahrenheit, while 
afht^men docs not at that temperature experience the 

♦ Anft|les de Chimie, tom. iii. p. 257. 
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clightest change. He has farther founds that when the 
vegetable juice is largely diluted with waters as with 20 
paTt<;, the peculiar matter still separates from it b}' coagu- 
latjbn, when the temperature is raised; while animal al- 
biinftn, equally djjutedi does not coagulate when heateds 
* the liquid becoming opalescent; and no ilocculi separate^ 
^‘ven when the liquor is boiled • , 

This vegetable principle is coagulated by acids,—-a pro¬ 
perty in which it resembles albumen* But the gluten of 
vegetables is also precipitated by some of the acids. AI- 
kofiol throws down .the vegetable albumen, as it has been 
nam^'d, in the state of an opaque whitish powder; while 
it precipitates .inintal albumen in light flocculi. 

'J xiis principle is dissolved by alkalis. But the gluten 
of \cgctables Is also dissolved by the alkalis: this latter 
pilncif !e does not, Inrlccd, appear to be so easily soluble 
as the other; but this di{Terence may arise from the state 
of agg’'egatIon, or from some very slight modification of 
compo'/ii’ion. 

Tlic other characters enumerated by Fourcroy, as serv- 
' ing to connect this substance with albumen, arc less ap¬ 
propriate. Insolubility in water, being liable to putrefac¬ 
tion, and evolving ammonia, either when suffering this 
change, or when dcvomposed by heat, are all characters 
belonging to vegetable gluten, as well as to animal albu- 
I'len. 

One propertyyui'*lgnoJ to it by this chemist, which is 
peculiar to alllumeii, .is changing some of the vegetable 
colours, as that of mallows, to a green. But according to 


im 


* Philosophical Magazine, vol« api. p. 23* 
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Proust, when it i$ washed it does not product this change, 
and the juices in which it is contained have no such pro* 
petty} some of them even, as the juice of cabbage or 
hemlock, render litmus red. When the vegetable prdici- 
ple docs possess this property, tliete^rc, it is probably 
owing to the evolution of ammonia. 

Broust has pointed out other properties in which this 
principle differs from albumen, such as that of being pre¬ 
cipitated by a number of neutral salts, which do not ren¬ 
der albumen turbid*, and being much more liable to 

I 

spontaneous decomposition than albumen. The questijn, 
however, is not so much, whether this principle is per¬ 
fectly the same with albumen, as whether it is essentially 
different from the gluten of wheat j and the proccthng 
facts appear to prove, that the diffcronccj between tlicni 
are net considerable, and not sufficient to chaiactaiize 
them as distinct principles. 

One circumstance which confirms this, and sticngih- 
ens the suspicion, that this matter, separable by coagul i- 
tion from a number of the vegetable juices, is merely ve¬ 
getable gluten somewhat disguised by the state in which 
it exists, is, that it exi >ts in the w'atcr employed in pre¬ 
paring the fccula or starch from wheat flour, and is sepa¬ 
rated from it by coagulation by heat, as Fourcroy has r^'- 
uiarked, in the same manner as from the expressed juices. 
It is rather more probable, that a porti' -n of the gluten 
known tp exist in this Hour shall solution, and be 

m 

the substance separated in this maimer, than that it shall 
be a distinct principle, especially as it is proved, that tin* 
solubility of glutcft is promoted by the action of acetic 
acidj^ and that thi(f acid is contained in the water employ- 
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ed in the preparation of starch. Froast has accordingly^ 
observed, that this matter snfFers changes like glute^:^ 
kept in a humid state, it forms acetic acid and ammpnia, 
and\like gluten, acquires the odour and taste of cheese j 
and i'ourcroy has,even observed, in his late researches 
•with V.uiquelin on the analysis of the farina of wheat, 
that it is .uialog'.Ub to gluten *. • , 

It ij to ho (ihocrved, too, that there must he considera- 
!)1c diiTKiilty tu obtaining this principle, so as to have all 
rlie physical qinhtics of gluten by any other process than 
»hat by which we obtain the gluten of wheat. Fourcroy 
Ji.'uscit has ju tly observed, that if a different process be 

follow .-d w’liJi regard to this very substance,—if, instead 

• 

cf being m ule into a paste and kneaded with water, it be 
ditiii ed n (‘fu'o in a largo quantity'of water, the separa¬ 
tion of tlu* fccuU no longer propeily takes place, and the 
gluten i. no long, r obtained. It then probably exists in 
the water in pree: ely the same state as in the vegetable 
juices, and may perhaps be capable of being separated 
by a process '/iniliar to that which is applied to them. 

According to Proust, the principle now described ex¬ 
ists in a gu at number of plants. It is found in the ex- 
pTOoSCii juice of borage, cider, and buckthorn; also, in 
gtapes, quinces, -apples, and other fruits; and in the acorn, 
chesnut, horse-chesnut, rice, barley, rye, pease, and beans 
of all kinds -]. 

. *, _ _ __ 


fA 


* Annalos du Museum d^Histoirc Naturelle, tom, vii. p, 3. 
f Philosophical Magazine, vol. xvii. p. SJi. . • 
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SECT. V. 

ALBUMEN. 

Though the principle which has hitherto received the 
name of Vegetable Albumen appears to be merely a va¬ 
riety of gluten, there is reason to admit the existence of 
a vegetable product, to which that name may be with 
propriety applied, as, in the greater number of its proper¬ 
ties, it has a strict resemblance to animal albumen. It ex¬ 
ists in the juice of a plant, a native of the Isle of France, 
the^Carica papaya, and has been made the subject of ex¬ 
periment by Vauquelin *, and by Cadet f. Of all the 
products of the vegetable system, it is the one which ap¬ 
proaches most nearly to animal matter *, and it might in¬ 
deed betfsfi^rded as a variety of it, if its origin were not 
known. 

, The juice which contains this principle issues from the 
tree white as milk: in a few minutes it coagulates *, Aoc- 
culi of a white matter like cheeSe separate, and swim in 
the liquid part^ which, after the cbagulatiim, is transpar¬ 
ent. The juice is diffused through all the parts of the 
tree, but is most abundant in the fruit while unripe. 

The experiments of Vauquelin were made upon this 
substance in three states: 1st, In th^V^id state to which 
it had been reduced by exposure to the sun; 2d]y, In its 

^ S’ ' 4 -. ' ' , 
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' Annales de Clfinie, torn. xlui. p. 267.; tom. xlix. p. 295. 
tom. adif. p. 250. 
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iiatural state, it having been preserved in bottles well 
closed ; and, Sdly, In the state of the natural juice, mix¬ 
ed with sugar to preserve it without alteration. 

juice inspissated by exposure to the sun, is of a 
yeilo\*ish w^hite colour; some parts of it are even of .a 
pure white and semt-transparent. It is brittle and easily 
reduced to powder when it is very dry; i% melts easily in 
the mouth, impressing a singular taste, and exciting a co¬ 
pious discharge of saliva. It attracts humidity from the 
;;ir, and changes into a viscid paste. It is dissolved readi¬ 
ly by cold water, and still more quickly and abundantly 
by warm water; a small quantity of a white matter only 
being left undissrlved, which has an unctuous appearance^ 
wlht’h melts easily, and diffuses an odour similar to that 
cf cmpyreumatic fat. Its concentrated solution becomes 
turbid and coagulates on ebullition; but the whole of the 
dissolved matter does not separate, as a portion is after¬ 
wards precipitated by other re-ageilts. Alkohbl*added in 
large quantity to the watery solution of the juice, preci¬ 
pitates it completely, and without occasioning in it any 
alteration. Sulphuric, nitric, and muriatic acids, coagu¬ 
late it abundantly; and a precipitation is even occasioned 
by a number of metallic solutionsj as those of quicksilver, 
silver, and lead. Exposed on burning fuel, it burns, de¬ 
crepitating slightly, and diffusing a very feetid ammbnia- 
cal odour, as animal substances do. Subjected .to des¬ 
tructive distillati(^.,* it gives much carbonate of ammonia; 
a thick black oil, the;, greater part,of which falls to the 
|»ottom of a brown liquid, which is pfqdiiced at the saipe 
time; carbonic acid; and catburettbd bjrdrqgen gases are 
disengaged, and there remains a charci^I light, difficult 
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to bforn, arid which leaves as ashes, a little earthy matter 
consisting of lime, and phosphate of lime. Distilled with 
weak nitric acid, it gives a large quantity of aerial fluid, 
consisting of carbonic acid, and nitrogen ; and in dissolv¬ 
ing in the acid, it communicates to it a yellow colour and 
a very bitter taste. There is also formed a large quanti¬ 
ty tof prussic acid, and oxalic acid. Lastly, it is liable to 
putrefaction : its watery solution decomposes when kept, 
and acquires a foetid odour, as animal matter dues. ^ 

With regard to the liquid juice, on opening the bottle ' 
in which it was preserved,, an elastic fluid was disengaged 
with such violence, as to throw part of the liquid to a 
distance: this gas was ascertained, both by Cadet and 

c 

Vauquelin, to be carbonic acid, produced no doubt by the 
decomjjosition of some principle contained in the juice. 
Masses of a white matter similar to cheese, floated in the 
liquor: these in drying, assumed the semi-transparence of 
horn : tlii^dried matter softened when heated, and exhal¬ 
ed a white vapour, with an odour similar to burnt unctu* 
o^$ matter: it dissolved abundantly in warm alkohol, 
from which it. in part separated again in cooling. This 
matter, evidently sebaceous, appeared to Vauquelin to 
have originated in the decomposition of the juice itself. 

The liquid, pan contained a principle which had pro¬ 
perties similar to those of the iftspissated juice, with a por- 
jjpn of acetic, not malic acid as Cadet had announced, 
rndginating probaldy from decbmpOsi%t^ as there is no 
sens^le acidity in jd>e inspissated }oice'> Its odour was 
very if had a* taste at once actdi 

hitter, and awrlntent., When rendered limpid by flltra- 
tiqn^ it had stilf the same and smell* The acids 
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coagulated it into a mass very tluck> which had a great re- 

s 

semblance to the white of an eggi or to dried albumen, ^ 
The action of oxymurlatic acid was rather peculiar: when 
adde ,1 in small quantity, it gave a rose colour; in a larger 
quantify a violet j and in a still larger quantity, it entirely * 
destroyed the colour: and as these phenomena did not ap¬ 
pear when this acid was added to the insplss;!tedjuice,it fol¬ 
lows, that some cljange must have taken place during the 
inspissation, subversive of the property of forming these 
^ colours. Pure potassa formed, when added to the filter- 
cd liquid juice, a precipitate of a white colour, and at the 
same time caused the exhalation of a strong ammoniacal 

odour. The liquid wlien filtered after this, still assumed 

• 

a violet colour, from the addition of oxymuriatic acid. 
Alkohol added to the juice evaporated until it had ac¬ 
quired the consistence of a syrup, produced a very abun¬ 
dant precipitate. The infusion of galls fonned also a pre¬ 
cipitate in large quantity. ’ H"', 

The juice tlwt had been preserved with the addition of 
sugar, had not suffered any particular change; for when 
the sugar was separated by alkohol, it preseiUed the same 
propenies as the concrete natural juice. 

Vauquelia also examiued a quantity which had been 
preserved by mixture with rum, but appears to have 
undergone a greater change in its propenies. 

Vauquelin observes, that from these experiments thei^ 
can be no doubt/ihat the juice of this tree is imposed 
principally of a matter which Has all the characters of ani¬ 
mal substances. It is not perfectly the same with any 
known vegetable principle, but it approaches most, he 
adds, to albumen} since, when dry, it mssolves like it in 
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wa^: the solution too, like that of albumen, is coagiJ- 
lated by heat. By acids, alkalis, metallic solutions, infu- 
sion of galls, and alkohol; and, lastly, it a/lbrds by de¬ 
composition by heat, or by the action of nitric aci^ ab¬ 
solutely the same products that animal substanevs the 
most completely characterized do. It may, therefore, pro¬ 
perly receive tlie name of Vegetable Albumen. We can¬ 
not, continues Vauquelin, regard without interest a sub¬ 
stance produced by a vegetable, presenting all the charac- , 
ters-of animal matter ; and we perceive from this exam¬ 
ple, that nature has given to certain* species of plants, the 
iiowerof forming combinations similar to those produced 
in the animal machine,—a fact indeed established, though 
undoubtedly in a less striking manner, by the production 
of gluten in the vegetable system. 


SECT. Vi. 

GELATIN OR JELLT. 

■tX 

The juice of. certain fruits, as the currant, when ex¬ 
pressed, if not too watery, concrete into a kind of tremu- 
louB jelly. There is none the known principles of 
■ i^getables to which this property can well be assigned; 
it is one, too, extremely characteristic, until the sub¬ 
ject be farther investigated, it is necessary to consider it 
as distinctive of ^ peculiar principle, to which the name 
of Gelatin or .leHy may be given. There is an animal 
ptmciple which Kgs recelTed the name of gelatin, which 
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has likewise the property of forming, with a certain pro¬ 
portion of water, a tremulous jelly, but, except in this ^ 
particular, vegetable jelly appears to have no similarity 
to it nor docs it even appear to approach to animal mat- 
ter in^its chemical characters or composition: it is not 
hable to putrefaction, but suffers that slow decomposition 
which vegetable matter in a liuiniU state ‘usually under¬ 
goes. 

Scarcely any observations have been made on this prin¬ 
ciple, c\cept what has been incidentally stated by Vauque- 
lin in the course of^his analyses of different vegetable 
substances, particularly in a memoir on tlie analysis of 
the fruit of the Tamarind'^, and in another on theanaly- 
sis of th' pulp of the Cassia fistula f, in both of which it 
is contained. 

It U soluble only in small quantity in cold water, even 
with agitation, but boiling water dissolves It abundantly, 
and the solution form» a jelly when it cools. It is nc- 
cessaiy, however, to obtain the gelatinous consistence, 
tliat there should be a certain proportion between the gc- 
Idkiinoua matter and the water; and if boiled a long time 
with water, it loses the property of forming a jelly. Hence 
the reason, as Vauquelin has remarked, that in the prepa¬ 
ration of the vegetable jellies which are formed by boil¬ 
ing slightly the juices of certain fruits with sugar, it often 
happens, that if tlie proportion of sugar is not sufficientlj^ 
large to absorb the water of the juice, or form with it t 
syrup, and if, in consequence, it is necessary to boil the li- 


* Annales do Chimie, tom. v. p. 101. 
f Ibid. tom. vu p» 2B2. 
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quoT to dissipate part of the water, it does not concrete 
^into a jelly on cQoling, and the property may even be en¬ 
tirely destroyed. 

Jelly may be obtained in a solul form by dryii]g. I’liat 
from the pulp of the tamarind, Vauquelin fou/id ^to be 
transparent. 

This piinclpfe, at least that variety of it obtained from 
the pulp of cassia, unites easily with alkalis : nitric acid, 
in affording to It oxygen, causes it to pass into oxalic a- 
cidj without disengaging from it any sensible proportion 
of nitrogen. When subjected to destructive distillation 
along with the elastic fluids usually obtained from the 
decomposition of vegetable substances, it affords much 
pyromucous, or empyreumatic acetic acid, very little oil, 
and almost no ammonia. When burnt, its ashes, which 
are in very small proportion, contain a little carbonate of 
potassa, carbonate of lime, argil, and oxide of iron. 

Fourcroy has supposed that this gelatinous matter is a 
combination of mucilage and vegetable acid j—an opinion 
that is vague, and liable to the objection that we do not 
perceive how the addition of the acid could so far modi¬ 
fy the properties of mucilage, nor have we any proof that 
it could produce such an effect. 


SEGUXithad supposed, that a principle still more strict- 
}y analojgous to aniinal gelatin exists in some vegetables, 
partk^ariy in Pqmvilh hark, its presence being recogni¬ 
sed, as he supposedji; by a character peculiar to animal ge¬ 
latin, that of forming an insoluble magma or precipitate 
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with infusion of taiiiri. In this principle he even sup* 
posed that the febrifuge power of this bark resided, ami, 
with much confidence recommended animal glue as a 
cub'ititute On this subject some experiments were 
madetby Dr Duncan junior. He found, that a principle 
does exist in Peruvian baik, which combines with taniti, 
aiul forms a compound sparingly soluble In water. Cut 
this principle is in no other property analogous to gela¬ 
tin. Its solution lias no tendency to assume a gelatinous 
consistence ; and it is not precipitated as animal gelatin 
is, by carbonate of pntass.i. It is also soluble in alkohol, 
wlillc gelatin is precipitated by alkohol from its watery so¬ 
lution. And it docs not even separate from a watery solu¬ 
tion cf tanin, all that is precipitablc by a solution of gela¬ 
tin. Until the characters of this principle are more fully 
determined, Dr Duncan has proposed to distinguish it by 
the name of Cinchonin f. 


SECT. vn. 

CAOU rCHOUC. 

Caoutchcvc, or, as it is usually though improperly 
named, Elastic Gum, is a vegetable matter, which in se¬ 
veral of its physical qualities, as well as in its chemical 
relations, has some similarity to vegetable gluten, and 
wliich so far agrees both with it and albumen, as to ap¬ 
proach in the nature of its composition to animal matter, 

* Nicholson’s Journal, vol. vi. p. 13(i. 
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It in some measure connects also the preceding princi¬ 
ples with those which are to follow, and I therefore place 
it in this part of the arrangement. 

The substance to which the name of Caoutcliouc or E- 
lastic Gum has been more particularly given, was brohight 
from Spanish America, in the form of hollow spheres or' 
botrtes, in which state it is still imported into Europe *, it 
was evident, tlierefore, that it had undergone some artifi¬ 
cial preparation. Condamine gave the information, that it 
is the inspissated juice of a tree belonging to the family of 

I 

the Euphorbia, which has since received the botanical name 
of Haevea guianensis, or Hxvca caoutchouc. Incisions are 
made in the bark of this tree : a milky juice exudes, which 
is collected. It is applied, in successive coatings, over a 
mold of clay; is dried by exposure to the sun, and aftcr- 
terwards, by being, placed In the smoke from burning fuel; 
when dry, the clay mold is crushed, and the fragments ex¬ 
tracted, and in this manner the spherical bottles are form¬ 
ed. 

It has since been discovered, that caoutchouc is not ex¬ 
clusively the produce of this vegetable, but that it is fur- 
nished likewise by other plants, cither perfectly the same, 
or with very slight variations of properties. It is obtain¬ 
ed in large quantity from the Jatropha elastica, a native 
likewise of different provinces of South America. Dr 
Roxburgh has described anotlicr vegetable, a native of 
India, the Urccola elastica, which affords a juice, w'htch 
when tluckened has all the properties of the American 
caoutchouc ; andl he has farther observed, that tlicre are 
many other trees, natives of the torrid zone, that yield a 
milky juice, possessing qualities nearly of the same i>a- 
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ture i as Artocarpus integrjfolia, Ficus Iiidica, Ficus reli- 
giosus, Hippomaiic biglanclulosa, Cecropia peltara, &c 
Fourcroy procured sppcimcns of die juice of the ca¬ 
outchouc in the state in which it exists previous to its in- 
spiss.«tion, iioni the i; land of Bourbon, from Cayenne, and 
■sije^Brazils, and examined its properties. Each of these 
contained a white turbid liquor, of an unsupportable foetid 
smell 'f in the midst of which was a W'hite concrete mat¬ 
ter, railuT spongy at its surface, very elastic, of a soft, fine, 
and close texture. * These concretions had the form of the 
bottles that contained tliein, but were less in size : they 
had been deposited by time, and without evaporation, for 
the bottles were well close<l, and had lost nothing. The 
juice, wlicn exposed to the air, became veryspeedily cover¬ 
ed with a crust of clastic gum. In a vessel filled with oxy¬ 
gen gas, the liquid afforded an clastic pellicle more speed¬ 
ily, and a very sensible absorption of gas took place. Al- 
kohol separated flakes, and oxymuriatic acid immediately 
formed an elastic precipitate. From these experiments 
he concluded, that caoutchouc exists ready formed in the 
juice of the tree, and is capable of being separated in the 
concrete form; but that a portion also exists not suffi¬ 
ciently perfect to be deposited with its elastic property; 
that it acquires this, together with its inspissation, from 
the action of oxygen ; and that by this operation, expo¬ 
sure to the atmosphere influences the concretion of ca¬ 
outchouc in the usual process in which it is brought to 
the solid form f. Dr Roxburgh has likewise observed, that 

• Nicholson’s .Tournal, -fto, vol. Hi. p. 435, 
f r A nnalcs dc Chitnie, tom. xi. p. 229. 

^Chemical bystem, vol. viii. p. 46. 
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the tnilky floid which ooi^es from incisions in the bark of 
Uie Urceola elastica, separates on exposure to the air in¬ 
to a firm elastic ccagulum^ and a watery liquid *, the coa- 
gtilnm becoming of a darker colour from the actioil of 
the air, and being no longer soluble in the liquid, thbugh 

V ^ 

before intimately blended with it. The purest caou>^ 
choUc Fourcroy supposes to be that which separates 
spontaneously from the juice in close vessels. It is white, 
or of a slight fawn colour. 

The properties of caoutchouc have' been determined, 
however, principally from the state fn which it exists in 
the elastic bottles which are imported to Europe; and in 
this state its properties do not seem to have undergone any 
important change, or to be different from those of the 
pure caoutchouc. Its colour is alight brown ; its external 
surface is smooth ; its internal texture is rough, and pre¬ 
sents a fibrous appearance. Its specific gravity is nearly 
the same with water, being from 9.3335, to 10.000. It 
is inodorous, and is also destitute of taste. 

'The moat remarkable physical property of which this 
substance is possessed, and which eminently distinguish¬ 
es it, is its high elasticity. It can be stretched out to a 
great length, and wlien the force that has been applied 
to it is withdrawn, it instantly returns to its former di¬ 
mensions. Its pliancy is increased by heat, while it is 
rendered more rigid by cold ; and its softness, which is 
connected with the former quality, is so much increased 
by warmth, that it can be moulded into any form, and 
two parts newly cut may even be pressed together, so as 
to be intimately united. A circumstance rather singular 
has been observed by Mr Gough, with regard to Its cx- 
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tension, that when "it has been rendered quite pliant by 
heat, as by keeping it for a short time in water at ISO^^ 
on stretching it suddenly, its temperature is raised* as may 
be perceived by making the experiment upon it, kept in 
ccnract with the lips, and on permitting it suddenly to eon- 
i£empcfature falls; the density being probably, 
augmented by tne stretching, and being accompanied 
therefore with a diminution of capacity. Accordingly Mr 
Gough found, thUt the specific gravity of a slip of caout¬ 
chouc is increasc^^by keeping it extended, while it is 
w'oiglicd in water. ‘\lle has also remarked, that if caout- 
ohouc be stretched, it does not easily recover its dimen¬ 
sions, if the temperature be diminished, but its elastici- 

% 

ty is immediately restored by moderate warmth 

Caoutchouc, exposed in a dry state to a high tempera¬ 
ture, softens, swells up, and emits a foetid odour similar to 
tliat of animal substances: as the heat is increased, it meltf 
into a viscid matter, and remains in this state when cold. 
If hiCated sufliciently high, it takes fire, and burns with a 
vivid light, and dense smoke: in the countries in whi 9 h it 
is produced, it has been used for torches, 

This substance is perfectly insoluble in water : it is 
softened when immersed in warm water, as has been al¬ 
ready remarked, an cfTect depending rather on the tem¬ 
perature, than on the ag«npy of jthe water. Even when 
the w'ater is boiled on it for a long time, it preserves all 
its softness and elasticity, and suffers no apparent change. 

It is also insoluble in alkohol! by boiling the alkohol 
upon it, it is deprived only of the carbonaceous matter 

* Manchester Memoirs, New Seric:., vol. i. p. 2S?. 
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which U interposed between each lafjer of it, as usually 
prepared : it is therefore by this operation rendered colour¬ 
less, and the layers become more apparent. 

Ether, a product of alkohol, dissolves it. Macquer ob¬ 
served, that highly rectified sulphuric ether dissolves it 
readily; and by evaporation, the caoutchAsuc n'''rt«*»again b<f 
obtained in the solid state unchanged. B r !ard, on the 
contrary, found caoutchouc insoluble in sulphuric etlicr, 
—a difference of result, explained by a ^act discovered by 
Cavallo, ;hat ether is a proper solvcn!* of this substance, 
only when it has been previously w^l agitated w.th wa¬ 
ter ; by which the small portion of sulpliurous acid it con¬ 
tains at its first production is removed. Pelletier discover¬ 
ed, that if the caoutchouc be previously boiled in water, 
until it is swelled and softened, it is easily and complete¬ 
ly dissolved by the ether, and a very saturated solution 
obtained *• Berniard discovered, in the series of expe¬ 
riments which he published with regard to this sub¬ 
stance f, that it is dissolved speedily in nitric ether, the 
liquid acquiring a fine yellow colour, even in the cold ; 
and when heat was applied, the whole nearly of the 
caoutchouc was dissolved. At the same time he ob¬ 
served, that this can scarcely be considered as a proper 
solution, but that it is rather owing to the decomposition 
of the caoutchouc, by the action of the nitric acid con¬ 
tained in the nitric ether : and he accordingly found, that 
when the solution was evaporated slowly, a substance was 
obtained of a rich yellow colour, transparent, friable, and 


* Memoires de PInstitut. National, tom. i. p. 56. 
f Journal de Physique, tom. xvii. p. 277. 
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entirely soluble in alkohol, having therefore all the cha« 
racters of a resin> and which was not elastic. Dr Rox¬ 
burgh did not find the caoutchouc of tlic urceola soluble 
in nitric ether, perhaps from the ether lie used having 
, bcen>/ree or nearly so from nitric acid. 

that the volatile oils dissolve caout¬ 
chouc Ey thft assistance of heat: this wjis confirmed by 
Bcrniard, who elamiued several of these solutions, as 
tlujse formed by llie oils of lavender, spike, and turpen¬ 
tine. These sol«ions are viscid, and even when in- 
f-pissated remain cl^my. He found, that it was likewise 
dissolved readily by the fixed oils when they were boiled 
on it, and also, though more sparingly, by melted wax. 

The alkalis, according to Derniard’s experiments, do 
not dissolve caoutchouc in the cold: when macerated for 


six days in soapmakers’ icy, it was not sensibly altered ; 
hut on bailing them for half an hour, it was corroded. 

The acids act upon it, not merely as solvents, but de¬ 
composing it. In Berniard’s experiment, sulphuric acid 
did not act immediately on pieces of caoutcliouc immer¬ 
sed in it, but at the end of fifteen d:i^'s the acid was co¬ 
loured : it at length became perfectly black, and cadi re¬ 
maining fragment had tlie appearance of a piece of char¬ 
coal. The acid when distilled, passed over almost entire¬ 
ly in the state of sulpliurous acid. Weak nitrous acid, 
digested in the cold on a piece of caoutchouc, produced 
in six days no sensible change, but at length gradually cor¬ 
roded and hardened it, rendering it yellow: the strong 
fuming acid decomposed it very quickly. Muriatic acid, 
either in the cold or with the assistance of heal, did not 
sensibly alter It: and even at tlie end of two months, the 
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caoutchouc immersed in it had preserved its colour^ elas¬ 
ticity, and weight. Acetic acid, in the state of distilled 
vinegar, had no effect whatever upon it *. 

I 

Caoutchouc, decomposed by heat inclose vessclsj afford¬ 
ed, in an experiment made by Berniard, a watery l«quid, 
atid an empyreumatic oil, with ammonij^: the^ii'^stic j^vf 
ducts he did net collect; there remai/ led a quantity of 
charcoal. In this analysis, imperfect 7i\ it is, we perceive 
the approximation of this substance in ^^mposition to ve¬ 
getable gluten. Fourcroy found to^, that caoutchouc 
treated by nitric acid affbnied nitro^.T gas, with carbonic, 
prussic, and oxalic acids f. 

This substance is capable of being applied to important 
purposes, from its softness and flexibility, its elasticity, 
and particularly its indestructibility, and not being affected 
by air, water, or indeed tlie greater number of chemical 
agents. Tubes for conveying gases, and other chemical 
instruments, are accordingly prepared from it; and bou¬ 
gies, catheters, and similar surgical instruments of caout¬ 
chouc, are much preferable to what can be prepared from 
any other substance. The difHculty, however, in apply¬ 
ing it to these uses, and which renders instruments pre¬ 
pared from it of a high price, is that of finding a solvent 
which can dissolve it without alteration, so that by inspis- 
sation, it can be obtained with its elasticity and other va¬ 
luable properties unimpaired. The subject has engaged 
the attention of a number of chemists, and different me¬ 
thods proposed, some of which arc at present employed* 

* Journal de Physique, tom. xvii. p. 274. 

J Annalcs de Chimic, tom. xi. p. 230. 
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Macqucr having dls(K>vered the solubility of raout^i 
chouc in etber, supposed that advantage might be taken 
of this, so as to apply it to these purposes x the concen- 
t rated solution being applied on a mould in successive lay* 
^rs, each layer being allowed to dry before another was 
'A^d over^;U^" 1 fife method, however, is too tedious and 
expensive to admit of being much used. • . 

The solutions et it in oils, can scarcely be employed 
in this manner, ai die inspissated caoutchouc always re¬ 
mains clammy, am cannot be rendered perfectly dry. 
Dr Roxburgh fountX. however, that the solution of it in 
what has been named Cajeput oil, obtained by distillation 
from the leaves of the Melaleuca Icucadendron, dried per- 
fectly without any remaining clamminess ; so that a 
piece of catgut, covered with the half inspissated solution, 
and rolled between two smooth surfaces, soon acquired a 
polish and consistence very proper for bougies*.” 

Grossart, in a memoir on this subject f, proposed a 
method in which the caoutchouc was not fully dissolved, 
but merely softened so far that it adhered. A common 
bottle of it was cut into a thin slip, and this was macera¬ 
ted in sulphuric ether until it was softened. It was then 
removed, and rolled spirally round a mould, taking care to 
press w'ith the hand the sides of it closely together, and 
compressing the whole by a slip of tape and thread. 
A hollow tube was thus formed on the mould, and if this 
was made a little conical, it was easily withdrawn: or 
?his was facilitated by plunging ihc whole in warm wa- 

* Nicholson’s journal, Ito, vol. iii. p. t'Jf). 

■'* Annalcs dc Chimic. totr^. xi. p. 113. 



166 


C.WUTCHOVC, 


_ • 

ter, which softened and expanded the caoutchouc. To 
lessen the expence, Gossart employed oil of lavender, or 
oil of turpentine, instead of the ether, and found that 
either of them answered sufficiently well; a longer time 
only being requisite to have the tubes perfectly dry^ 
and firm. And in prosecuting these rey^ar^.\j5^lie fourjr, 
that the same parpose was attained merely oy warm wa¬ 
ter ; which, proceeding in the same lethod as with the 
ether, softened the slip of caoutchouc jtP completely, that 
its sides formed a perfect adhesion. ^Ihis is the method 
now generally followed, I believe,^%i the construction of 
instruments of caoutchouc. The following directions 
have been given for the management of the process, the 
heat being best applied by the medium of boiling water: 

« Split a stick of cane, and then apply together again the 
split pieces, but with a slip of whalebone interposed be¬ 
tween them. Cut the elastic gum into slips fit for twist¬ 
ing over the prepared cane, so as to cover it; then, by du¬ 
ly heating the surface of the cane covered with the caout¬ 
chouc, it will melt so as to forrn one piece. When cold, 
draw out the interposed whalebone from between the split 
cane; by which means, without difficulty, tlic whole sub¬ 
stance of the cane may then be readily withdrawn from 
under the covering, thus leaving the tube formed as dcr 
sired ’f.” 

The solution of caoutchouc in some of the oils, has 
been used as a varnish, to render flexible substances, as 
silk, &c. impermeable to water or air. It has the advan¬ 
tage of being perfectly flexible, but it is long before it 


* 
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di'l€S| and is liable to be softened by a very moderate heat. 
To render it less viscid, it is generally prepared from 
mixture of volatile and expressed oil. 


The vegetable product which is known by the name 
of Birdlime, has! in many of its properties, a close re¬ 
semblance to caou^houc, being like it possessed of great 
tenacity and elasticii^ and having very nearly the same 
general chemical properties j so much so, that perhaps 
they may be regarded as varieties of the same principle. 

Birdlime appears to be a natural production, and ex¬ 
udes sjiontaneously from certain vegetables, forming a 
viscid matter, which collects on their leaves or stems. It 
is thus secreted in considerable quantity by the Robinia 
viscosa. It is, however, generally extracted by an artifi¬ 
cial process, which is, in some measure, kept secret. The 
following account of it is given by Gcoffroy : The in¬ 
ner bark of tlie holly is boiled in water seven or eight 
hours, till it become soft and tender. This is laid in mas¬ 
ses in the earth, and coverctl with stones, placing one lay¬ 
er over another, the water having been previously drain¬ 
ed from the bark. In this state it is left to ferment, du¬ 
ring a fortnight or three weeks, in which time it changes 
to a kind of mucilage. It is then taken from the pit, 
pounded in mortars till rethiccd to a pa^te, w'ashcd in ri¬ 
ver water, and kneaded till ficcd from all extraneous mat¬ 
ters. The paste Is left in earthen vessels during four or 
five dnv;',, to ferment and purify itself. It is afterwards 
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put Into proper rcsselsj and thus becomes an article of 
^commerce The same, or a similar substance, is pre¬ 
pared from other vegetables i as from the wild vine, and 
the different species of misletoe: and, as remarked by 
Lagrange, who has lately submitted it to chemical inveS'^ 
tlgation, the birdlime of commerce is ^en^^mgogjp^n 
of 'the above preparation, with oil, tirpenfine, and other 
viscid substances. To obtain it pure,y»e prepared it from 
the inner bark of the holly, by a process nearly the same 
as that described by GcofFroy, and from his memoir f 
that the following account of its properties is principally 
taken. 

It is of a greenish colour, and has a flavour somewhat 

€ 

acescent: its smell is similar to that of lintsced oil: it is ex¬ 
tremely viscid and tenacious; and when the hands are 
wet, so that it can be handled, it can be stretched out to 
a great length, and on wididrawing the stretching force, 
it gradually returns to its former dimensions. Whcii 
stretched, its texture appears distinctly fibrous. 

Spread on a glass plate, and exposed for some time to 
the action of air and light, it dries, becomes brown, and 
loses its viscosity, so that, when quite dry, it can be re¬ 
duced to powder; but it recovers it on the addition of 
water. 

It reddens the infusion of litmus, from the presence of 
a small portion of acetic acid, which is probably, however| 
foreign to its composition. 


* Nicholson’s Journal, vol. xiii. p. 11-- 
f Ibid. vol. xiii. p. HI*. 
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When heated gently in a porcelain vessel, it melts, 
though without becoming very liquid, and swells in bub¬ 
bles which rise to the surface : if the fusion be continued 
for some time, it acquires a brown colour; but on cool- 
ing, if, recovers its characters. Placed on burning fuel, 
k j^urns bright ffame, and the emission of much 

smoke j and if equVly takes fire and burns when raised to 
a red heat in a cncIble : a whitish residuum is obtained, 
which is very alk.lline, and in which re-agents discover 
the presence of s^phate and muriate of potassa, and 
which contains also d^bonates of lime and argil, with a 
small portion of iron. 


Water has little action on birdlime- On boiling it in 
a quantity of M'ater, it does not dissolve, but acquires ra¬ 
ther more fluidity, which It loses, however, in cooling ; 
and the water receives merely a slight impregnation of 
acid and of mucilage. 

The action of the alkalis on it is energetic. Pure pot¬ 
assa forms w’ith it a whitisli magma, ammonia being at 
the same time evolved. Tliis matter is less viscid than 
birdlime : it hardens from exposure to the air, and its 
taste and smell are similar to those of soap. It is almost 
entirely soluble in water and in alkohol as soap is, and 
is decomposed like it by the acids. 

The acids likovvi'^c act on birdlime : when diluted, they 
soften and partly ilis^olve it; when concentrated, they de- 
tfonipoGc it. Sulphuric acid blackens it, evolves char¬ 
coal, and Causes a formation of acetic acid roui ammonia. 
Nitric acid in tlie cold has little effect on it; but, on ap¬ 
plying heat, the mi.\lure becomes yellow, the birdli;ne 
dissolves, and, as the e\Mporati<in advances, swelh', le.avo'ig 
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at length a hard brittle mass. This, by being again sub¬ 
jected to the action of nitric acid, is converted into oxa¬ 
lic and malic acids. Muriatic acid in the cold has no ac- 

I 

tion on birdlime : when heated on it, it turns it black, 

Oxymuriatic acid produces on it very important clvingcs,^ 

either by shaking the gas w'ith the 

lim/!, or by stirring it with the acid /in a'concentrated 

state : the birdlime lost its colour, an^became white: it 

is no longer viscid, but in hard ma?^cs, containing In 

their central part a quantity of birdlin/;, to which the acid 

( 

has not been able to penetrate ; api't it is also no longer 
fusible. These changes appear to be owing to the oxy- 
genizement of tlie birdlime. Acetous acid softens bird¬ 
lime, and dissolves even a certain quantity, the liquor ac¬ 
quiring a yellow colour. 

A number of the metallic oxides arc reduced when 
heated with birdlime. Oxide of lead forms with it a com¬ 
pound of the consistence of plaster. 

Alkohol, when boiling, dissolves birdlime: the solution, 
while hot, is transparent, but becomes turbid as it cools i 
and a yellow matter may be separated by filtration, which 
is softer than the original mass, melts in a moderate heat, 
and diffuses an odour similar to that of wax, of the pro¬ 
perties of which it appears to be possessed. The filtered 
liquor is bitter, nauseous, and acid; affording a precipi¬ 
tate on the addition of water, and leaving, on evaporation, 
a substance similar to resin. 

Sulphuric ether is the proper solvent of birdlime : It 
dissolves it rapidly, and nearly entirely, leaving only any 
impinitics. The solution is of a greenish yellow colour, 
and reddens infusion of litmus. On adding water lo it. 



BIRDLIME* 


191 


the mixture thickens, and the ether swims on the top: if 
a sufEcient quantity of water is added to dissolve the e*>^ 
ther, a quantity of oil is formed on the surface, having a 
considerable analogy to that of lintseed. By evaporating 
the solution of birdlime in ether, a greasy substance is 
oh^ainec!,^^^a )'«.j^low colour, and of the consistence of 
wax. ^ 

Some chemists Jhave supposed birdlime analogous to 
gluten j and there a,jc, no doubt, certain points of resem¬ 
blance between thcr.,^^ It dilTers from it, however, as 
Lagrange has remarked, in being much less animalized ; 
hence it is not liable to putrefaction, bat can be preserv¬ 
ed in water a long time without any sensible change : it 
differs also in the great quantity of resinous matter that 
may be formed from it by nitric acid, and in its solubility 
in ethei. 

It is mucii more analogous to caoutchouc, with which, 
however, it has not been usually connected. Like it, it 
is possessed of great tenacity and elasticity ; is fusible , 
inflammable j affonling much smoke in its combustion : 
it is insoluble in water, soluble in ether ; and sulFcrs 
changes st)inewhat simllai from the acids, and even from 
the alkalis. It dili’ers from caoutchouc, in beln<: rather 
more easily acted on by these agents, in being soluble- 
in alkohol, and in appearing to sufi'er ratlier more change 
in its constitution from tliesc combinations. But these dif¬ 
ferences are not very Considerable, and perliap* nor great¬ 
er than what may occur in varieties of the same species. 

This conclusion receives, peiliaps, confirmation from 
an cbservatioti made by Dr ]\oxburgb. The caoutc'hoiK 
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of the Ficus religiosus, the Ficus Indica, and the Ar£ocar« 
^pus integrifolia, he found to be much less elastic than 
that from the Haevea or the Urceola, but much more vis¬ 
cid } while, in inflammability, and in their relations to the 
acids and other chemical agents, they are nearly thc^same. 
This fact, by proving that there are Sj^^<tt^|rieties 
caoutchouc, not> perfectly uniform in tl.eir {nopcrtics, and 
some of which appear to approach tti birdlime, is sufii- 
cient, perhaps, to connect it with the jipecies. 


SECT. Via. 

FIXED OIL. 

name of Oil is given in common to two vegetable 
proximate principles, which agree in the possession of a 
number of properties, but whicli likewise differ so far, 
that they must be regarded as essentially distinct. One of 
these species of oil is volatile at a high temperature ; the 
other cannot be volatilized without decomposition ; hence 
they may be distinguished by tlie epithets Volatile and 
Fixed. The volatile have also been named Essential 
Oils,—the fixed, Expressed Oils, as it is by the process 
of expression that they arc usually obtained. The chemi¬ 
cal history of expressed oil is to be the subject of this 
section. 

These oils are formed abundantly in the vegetable sys¬ 
tem ; they are contained generally in the seeds and fruit. 
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and a^e found only at the period of maturity, or, at least, 
are Tound then in largest quantity. They are extracted,* 
in general, by expression } the fruit, or the seeds bruised, 
b^ing subjected to pressure in a hempen bag inclosed in 
a presj, and any foreign matter forced out with the oil 
be\n£C allpw(Sfl to .‘ubside. In this way are prepared the 
oils from the fruit the olive, and the seeds of the almdnd. 
The process is faqAitated by the application of heat, or by 
even previously rc^sting the seeds gently, especially with 
regard to those sect's which contain much mucilage : but 

i 

from this the oil gef. ^r^lly acquires some acrimony and 
empyreuma; it is even so far changed in its qualities, as 
to be less liable to congeal, and more disposed to beepme 
dry or solid when exposed to the air. Oils prepared in 
this manner are therefore named Drying Oils ; and from 
these ch.mges, the process is applied only to the extrac¬ 
tion of the coarser oils, as those of llntseed or rapeseed. 
Sometimes, too, oil is extracted by decoction, the seeds 
being bruised, and boiled in water, the oil separating, and 
swimming on the surface. In this way is prepared what 
is named Castor Oil, from the seeds of the Ricinus com¬ 
munis. 

The oil which is extracted by either process frequently 
has an impregnation of extractive, resinous, or other fo¬ 
reign matter, whence it derives taste, flavour, and, in 
some cases, more active qualities. The oils of olives and 
of almonds are the purest met with in commerce, and ap¬ 
pear, indeed, to be perfectly free from any foreign im¬ 
pregnation. Oils less pure, but in larger quantity, are 
procured for the purposes to which they are applied in 
the arte, from lintseed, bempseed, rapeseed, from thq 

* N 
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nuts of the beech mast, and from the seeds of a nihriber 
of other plants. ** 

Fixed oil is fluid at moderate natural temperatu;-es: 
by no great reduction of temperature, however, the differ¬ 
ent kinds of it are congealed, some of tliem eve'.i at a 
temperature not so low as the freezing' point tuLwiyter ; 
and there are others, as the oil of the/cocoa nut, of the 
laurel berry, or of the nutmeg, whicv. arc always con¬ 
crete, whence they have obtained the ’^ame of Vegetable 
Butters. 

Fixed oils, when liquid, are alwpyS somewhat tliick and 
viscid, but, w'hcn pure, perfectly transjparent ; they have 
also,the property named unctuosity : they are colourless, 
or of a yellow or greenish tinge : they are insipid, or liave 
a very mild taste. They are lighter than water, a:id hence 
swim on its surface. They are altogether incap:ible of 
combining with water, as, even when strongly agitated 
with it, the globules of oil, when the agitation ceasc'S, 
soon separate, and collect at the surface. '^I’liey arc equal¬ 
ly insoluble in alkohol. 

Though the fusibility of these oils is such, that they 
are usually fluid at natural temperatures, yet they can¬ 
not be volatilized without decomposition ; and even this 
requires a high temperature. In general, they do not boil 
at a heat less than about C00° of Fahrenheit; and when 
the operation is conducted in close vessels, so as to con¬ 
dense this vapour, the qualities of the oil are found to be 
changed : it has lost its insipidity, has become more acrid, 
and, by repeated distillations, it becomes more light, lim¬ 
pid, and volatile, acquiring, at the same time, an empyreu- 
jnatiic pdour^ and becoming soluble In alkohol. When this 
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tlistil^tion is carried on with a very strong heat, a quan- 
tity“of carburettod hydrogen, of carbonic acid, and of an» 
acid^ liquor, are produced along with the empyreumatic 
oil; and there is a residuum of charcoal. . 

Expressed oils are ajtered by exposure to the atmo¬ 
sphere, especially at a high natural temperature : they ac¬ 
quire a sharp taste' and a disagreeable smell, and become 
thick. This chaii;. e is termed Rancidity : it is owing to 
the absorption of oxygen which always accompanies if, 
as IJerthollet had loi.t^ ago demonstrated *". The oxygen 
, appears sometimes to i pibinc with the entire oil; in other 
cases, it is said tef unite with part of its principles, and 
form an acid, the Sebacic, which is diffused through,the 
rest of the oil, and is the cause of the change in its pro¬ 
perties ; and there is also a portion of water slowly form¬ 
ed. Wlieii the oil is exposed to pure oxygen gas, the 
same change takes place still more speedily *, and some 
absorb a large quantity. Lintseed oil, it is stated by Saus- 
surc, absorbed, in his experiments, more than twelve 
times its volume of oxygen gas in the space of four 
months f, and this without forming any carbonic acid. 
Drying oils, or those extracted by expression with the as¬ 
sistance of heat, it lias already been remarked, do not be¬ 
come rancid from exposure to the air, but, by the absorp¬ 
tion of its oxygen, arc rather converted into a resinous 
matter, especially when exposed under a thin and exten¬ 
sive surface. 


* Memoires de I’Acad. des Sciences, 1785, p. S29. 
f Recherches sur la Vegetation, p. 154. 

N2 
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It appears, from well-established facts, that this ah|orp» 
<tion of oxygen by fixed oils may, under certain circum¬ 
stances, be so rapid, as to produce a temperature suifiqient 
to cause them to bum Many instances of spontaneous com¬ 
bustion had from time to time occurred from this^cause, 
and,in particular, had been so frequent in the Russian navy 
and arsenals, tfiat at length a series ofjbxperimcnts on the 
subject was ordered to be instituted’,i and from these, 
the circumstances connected with the^act have been ful¬ 
ly ascertained. It appears, that if^hemp, flax, or li,nen 
cloth, be steeped in lintsced oil, i^I^c lie in a heap, and be 
somewhat pressed together and confined, its temperature 
rise/>, a smoke issues from it, and at length it takes fire. 
The same thing happens, with mixtures of oil with fine 
charcoal, as lamp-black, wrapt up in linen. In one ex¬ 
periment, a mixture of this kind became warm in .ibout 
sixteen hours, and emitted steam ; in two hours more, it 
emitted smoke, and immediately afterwards took fire. In 
another, the combustion happened in nine hours. The ex¬ 
periments succeeded only when drying oils were used *. 

At the same temperature nearly at which oil is volatil¬ 
ized, It combines with'oxygen with rapidity, so as to pro¬ 
duce the phenomena of combustion, or to extricate a large 
quantity of light and hcati Fur this purpose, the oil must 
be converted into vapour, and its temperature raised even 
to ignition. Hence is derived the utility of a wick in sup¬ 
porting its combustion. The wick, made of cotton or any 
other material consisting of slender threads, draws up a 
portion of the oil by capillary attraction. By kindling the 


* Repertory of Arts, vol. iii. p. 95, 
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the portion of oil it contains is converted into va- 
and ignited. As fast as it is consumed, a new sup> 
pl]^ is afforded by the same capillary attraction. The oil 
consists principally of carbon and hydrogen: the hydrogen 
requires rather a lower temperature for its combustion 
thrf^ the carbon does *hence the combustion of oil in at¬ 
mospheric air is Pttended with a black snooke, which pon- 
sists of the light carbonaceous matter suspended in the 
current of hot air. Where the air has not sufficient access 
to the wick, this smoke is very abundant; and it m^y, on 
the contrary, be entirely removed, by increasing the cur¬ 
rent of air, so as to render the combustion more rapid. 
This is done, for example, in Argand’s lamp. It consists 
of a hollow wick, through the internal part of which a free 
circulation of air is established. When the wick is kin¬ 
dled, the air within it is immediately ratified } a strong 
ascending current is thus formed j fresh atmospheric air 
is rapidly brought into contact with the burning oil; the 
combustion is thus rendered more rapid, and thus so much 
caloric is extricated, as to keep the temperature of the oil 
high, that all the carbon of the oil is consumed. Hence 
the combustion in these lamps is attended with no smoke \ 
and from a given quantity of oil, more light and caloric 
are extricated, as the whole of that oil is consumed. 
There is reason to believe, that in the volatilization of 
the oil by the ignited Wick, it is decomposed, and con¬ 
verted principally into that variety of carburetted hydro¬ 
gen named Olefiant Gas, which we know, when pure, 
burns with precisely the dense oily-like flame that ignked 
4)11 docs. 
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The products of the combustion of oil are wat^ and 
^carbonic acid. Lavoisier examined this combustiorTp'ar- 
ticularly. He found, that 100 parts of olive oil, dupng 
their combustion, combine with 321 parts of oxygen, and 
produce 110 parts of water, and 281 of carboni(?» acid. 
Hence he inferred, that oil consists of 79 parts of carbon, 
united with 21 of hydrogen. His conclusion, however, 
was founded on two suppositions, neither of them just,— 
that common charcoal is pure carbon, and tluit no oxygen 
exists in the composition of the oil ; the propoifions of 
carbon and hydrogen must therefore he regarded as mere 
approximations; and oxygen must probably also be ad¬ 
mitted as a constituent principle of oil. That it is so, ap¬ 
pears to be established by the decomposition of oil in close 
vessels ; when transmitted through an ignited tube, car¬ 
bonic acid and water are part of the products. 

The expressed oils suffer decomposition from the action 
of the greater number of the acids; with phenomena, 
however, somewhat dWferent according to the nature and 
concentration of the acid. 

Sulphuric acid almost immediately renders oil brown, 
and at length black, by evolving part of its carbon in the 
state of charcoal: a portion of water has been also affirm¬ 
ed to be formed ; and the formation of sulphurous acid 
is discovered by its pungent smell. If heat be applied, 
the action becomes more rapid, and the mutual decompo¬ 
sitions more complete : and with fcertain proportions, the 
whole even of the oxygen of the acid may be abstracted, 
and sulphur obtained. 

The action of nitric acid on oil, is less violentthe oil 
\5 merely thickened and rendered white: when heat is ap- 
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plie(!j( or when the oil is heated previous to the addition 
-^Sf^ke acid, the action is more rapid, and nitrous acid va~ 
pour is disengaged. Tlie action is more rapid on the dry¬ 
ing oils, a resinous-like matter being formed : and if 
heat l^e applied, there is a violent effervescence, and the 
ofi‘''Xiay-£ven hp^ir^inned, by the acid. 

Muriatic acid has very little effect, vighcn mixed with 
the oil in the cold : but according to Cornette, if the mix¬ 
ture is kept a long time in digestion in a sand heat, the 
colour of the oil darkens, and it becomes at length black 

By distillation the acid passes over with little change. 

• • 

The oxymuriatic acid causes nearly the same changes in 
the expressed oils, as the nitric ; thickening them and ren¬ 
dering them white. ' 

The other acids exert very little action upon expressed 
oil. 

With the alkalis, expressed oils form a chemical com¬ 
bination : the product is the well-known substance Soap, 
in which the properties both of the oil and alkali are con¬ 
siderably modilied. 

If one part of a pure expressed oil, of that of olives for 
example, be mixed with half its weight of the common 
potash ley, a combination is effected between them : the 
oil becomes much thicker and white, and the acrimony or 
causticity of the alkali is much lessened. The compound, 
too, is to a certain extent capable of combining with wa¬ 
ter; a perfect solution indeed docs not take place, but an 
opaque milky mixture is formed, from which the oil does 
not separate for a considerable time. 


* Metnoires dc I’Acad. dcs Sciences, 17S0, p. oGV- 

• N 4. 
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In this mixture, however, the combination of 
with the alkali is very imperfect. It is rendered 
more complete by the assistance of heat, or by boiling 
them together. One part of carbonate of soda is dissolv¬ 
ed in 8 or 10 parts of water, and quicklime is ad^ed to 
abstract the carbonic acid : the liqlicr is filtered , a ni^ .a- 
porated so far its specific gravity shall be to that of 
water as 11 to 8. One part of this ley is mixed with 
two of an expressed oil, of that of olives for example, 

and the mixture is exposed to a moderate heat, sufli- 

• 

cient only to make the liquor simmer. It is agitated 

If 

constantly. An intimate combination of the oil and alkali 
takes place : the heat is continued till on allowing a few 
dropk of the liquor to fall on a stone, it congeals, and the 
water separates from it. It is then removed and cast 
in moulds. 

This is the process for preparing the finer kind of 
soap. The coarser soaps, which are in common use, and 
are manufactured on a large scale, are prepared from less 
pure materials; and the process which is followed, is 
somewhat different from that above described. An ela¬ 
borate report was presented on this subject, by Pelletier, 
Darcet, and Lelievre * ; and the account of the manufac¬ 
ture of soap which follows, is principally taken from their 
memoir. 

The oily matter which is employed in the fabrication 
of common soap, is different in different countries. In 
France, the coarser kind of olive oil is used ; and, accord- 


Memoires de Chimie de Pelletier, tom. ii. p. 249. 
Annales de Chimie, tom. xix. p. 253. 
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ing to Ahe report of the French chemists, it forms the best 
this country, animal fat is generally employed ; ^ 
and^according to the same authority, it is^ next to olive 
oil that which gives the best hard soap. 

The ^alkali which answers best, is soda: it forms a soap 
f-a.gily while potassa forms one 

that always remains soft. In countries, therefore, where 
barilla can be obtained at a low price, it is used in the pre¬ 
paration of soap. In this country it would be too expen¬ 
sive : the potash of commerce is therefore used : and in 

ft 

order to render the soap sufficiently disposed to congeal 
and become hard, there is added towards the end of the 
boiling of the alkaline ley with the unctuous matter, a 
quantity of sea salt} the soda of which being in part 
evolved by the potassa, produces this effect. 

The alkali must of course be in its pure, or what is 
named itscaustic state: whether barilla or potash, therefore, 
be employed, the carbonic acid combined with the alkali 
in either of them, is abstracted by lime, and the solution 
thus obtained forms the soapmakers* ley. When barilla 
is employed, after being reduced to coarse powder, it is 
mixed with the lime ; the proportions used being 5 lbs. 
of barilla with 1 of lime. The mixture is put into a 
large wooden trough, with such a quantity of water as 
will cover it several inches : it is stirred } and after it has 
stood some hours, the ley is withdrawn, and is named the 
First ley: it is of such a specific gravity, that a fresh egg 
does not sink in it. A new quantity of water is poured 
on the materials, and after some hours is drawn off, af¬ 
fording a weaker ley. This is repeated once or more, 
forming a third ley : and, lastly, the residuum is washed 
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with water, which now receives so slight an imprecation, 
^ that it is reserved only for adding to a fresh quantify of 
the materials. 

The proportion of oil that is requisite, is 6 parts, when 
5 of barilla and 1 of lime have been used. To combine 
them, they are to be boded togetlieT'''Si-,tb0ilw51w-4-c^iaV"»» 
iron pot fixed in a brick furnace, there being adapted to 
it a crib of wood : the oil is put into this boiler, with a 
p(>rtlon of the weakest or third ley, and heat applied, so 
as to cause the mixture to boil: fresh portions of the ley 
are added from time to time, until the whole is consumed : 

r 

the second or stronger ley is added in the same manner; 
the mixture being well stirred : the oil now beconles of a 

I 

milky appearance, it unites perfectly with the ley; and 
after some hours of boiling, the mixture becomes more 
uniform, and acquires a thicker consistence. A small 
portion of the first ley is then added, and it is still care* 
fully stirred, and kept boiling. The successive addition 
of small portions of the first Icy, thickens the mixture: 
the heat is continued for some time, until it become 
more and more tliick, and the soap now formed begins to 
separate from the watery liquor ; a .small quantity of sea 
salt is then added, which renders the separation more com¬ 
plete, by attracting the water: the bailing is continued 
for two hours longer ; the fire is then witlidrawn, and 
the whole allowed to remain at rest. In a few liours the 
soapy matter collects towards the surface, and the watery 
part subsides : this last is drawn off by a tube at the bot¬ 
tom of the boiler: the fire is then again applied, a small 
^quantity of water or of weak ley being added, to facilitate 
the liquefaction of the soap. The mixture being perfect- 
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ly liqu 'fiedi and being brought to ebullition, the remaining 
strong Icy is added in small quantities. The , 
congelation of tlic soap can now be discovered: this is judg¬ 
ed of, by withdrawing a small portion, which is allowed 
to cooleD a plate of glass ; and by the degree of consist- 
wbkf r« it is determined if the preparation 

be complete. If it be so, the fire is withdmwn j the soap 
is left at rest for some hours ; the liquid beneath is with¬ 
drawn by the stop-cock : the fire is again applied, a small 
quantity of water being added to promote the liquefac¬ 
tion : and when the whole has cooled a little, it is run 

» 

into the vessels in which it is to congeal, in the bottom 
of which a little lime in powder is equally strewed. 
After some days, the soap has become sufficiently firm 
to be cut into tlie form under which it is usually sold. 

Though such be the general outline, it is no doUbt va¬ 
ried by different manufacturers, and in dificrent coun¬ 
tries ; but by following this process, a soap of excellent 
quality may be formed. In this country, as lias been al¬ 
ready observed, the principal difference is in using animal 
fat, to which, in forming yellow soap, a portion of resin 
is added ; and in using potash instead of soda. From the 
latter variation, it is necessary to use muriate of soda in 
larger quantity than when barilla is employed, in order to 
afford a portion of soda, to render the soap concrete. 
The French chemists, in their experiments on soap, found, 
that when they substituted a ley from potash for that 
from barilla, using the same oily matter, and observing 
the same process in every other respect, they obtained 
only a soft soap. But if they added, in the course of the 
boiling, a solution of muriate of soda, they obtained a soap 
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perfectly firm: or if they began the process with a ley of 
^ potash, and finished it with a ley of soda, they^Jiii!S"use 
same result. 

n^he veined or marbled soap, as it is named, differs 
from the other merely in its streaks of colour, ai^ in be¬ 
ing prepared from the purest n*) 

medicinal purposes. The variegated colour is given to it, 
by adding to the soap when nearly fully boiled, a small 
quantity of fresh alkaline ley, and soon after a solution of 
sulphate of iron; black oxide of iron is thus precipitated, 
‘*which, from the action of the soa^, assumes a blue tinge. 
Brown or red oxide of iron is then diffused in water, and 
stirred through the ^oap, so as to be mixed with it in 

I _ 

streaks. This soap is also more solid than the other, as 
in the operation the water is more effectually dissipated. 

The soft soap of commerce is prepared from the com¬ 
mon potash, rendered caustic by lime, and boiled with 
some of the coarser oils, as of rape-seed, hemp-seed, or 
lint-seed, or even with fish oil. 

Some observations have been added by Pelletier, Dar- 
cet, and Lelievre, on the adulteration of soap frequently 
practised. The most common method is to cause it to 
imbibe a large quantity of water 5 and to prevent the dis¬ 
sipation of this from exposure, those who practise it keep 
the soap in a saturated solution of muriate of soda. This 
is detected by the great loss of weight which such soap 
sustains from exposure to the air. Other modes are al¬ 
so said to be practised, as by the addition of chalk, clay, 
alum, sea salt, and other substances. 

These chemists executed the analysis of soap. When 
properly prepared, 3 lbs. of oil ought to furnish 5 lbs. of 
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$oap: but from this it is not easjr to discover, at least 
|»^rfect accuracy, what proportion of alkali' and ^ 
what quantity of water it contains. The proportions 
they assign are, in 1 lb of soap, 9 ounces 6 drachms of 
oil, 1 ^unce 3 drachms of pure alkali, and 4 ounces 

The cleansing property of soap depends*entirely on the 
alkali it contains: the alkaline power is no doubt partly 
impaired.by the combination; and hence it might be sup¬ 
posed more economical, to use merely the alkaline solu¬ 
tion. In some cases it is so, as in some of the steps t|^ 
the process of bleaching; but for common use, soap has 
some advantages; as it acts less on the fibre of the cloth, 
and gives to it a softness and smoothness, which the alka¬ 
li alone would not do. 

Soap is soluble in water; but the solution is always in 
a certain degree opaque, owing perhaps to particles of un¬ 
combined oil being present. It is rtkewi^.e soluble in al- 
kohol ; and if the purest soap has been employed, this so¬ 
lution is nearly transparent; if strong, it is of a gelatin¬ 
ous consistence. 

Soap is decomposed by all the acids, which attract its 
alkali, and separate its oil. The greater number of the 
neutral salts, either earthy or metallic, likewise effect in 
it the same decomposition. Thij/is the reason tliat, with 
what are termed Hard watersj a proper solut’v ’i of soap 
cannot be formed,—the sulphate of lime contained in the 
water decomposing the soap. The solution of soap, 
therefore, in alkohol, is a very convenient test for discov¬ 
ering these salts in water. In these cases of decomposi¬ 
tion by the earthy and metallic salts, tlie oil which is se- 
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parated combines with the earth or metallic oxide. 
^ When this oil, however, is separated by an acid p*emTil5 
soap, it is affirmed, that in several respects its prop^ ties 
are altered ; and that, in particular, it is now soluble in 
alkohol. During its conversion into soap, ther|fore, it 
must not merely have combincct^'^yLb tbn ntlltalit hfj*- 
have further undergone some chemical change. It has 
been supposed to receive oxygen from the air. 

When soap is exposed to heat in close vessels, it affords 
oil, water, and a portion of ammonia. The origin of the 
iKlt product is not very evident, since oil is supposed to 
consist only of carbon, hydrogen, and oxygen ; but per¬ 
haps it may be obtained only from soaps that have been 
formed in whole or in part from animal fats, in which a 
portion of nitrogen may exist. 

Ammonia acts upon the expressed oils in a manner si¬ 
milar to the fixed alkalis, forming with them a sapona¬ 
ceous compound, which is thick and white, and which is 
also diffusible in water; hence it is used in pharmacy, to 
render oils miscible with water. The combination, how¬ 
ever, is much less intimate than that with the other alka¬ 
lis, as heat cannot well be applied to render it perfect. 
Berthollet discovered an indirect process by which a pro¬ 
per ammoniacal soap may be formed. It consists in mix¬ 
ing a solution of common soap with a solution of muriate 
of ammonia ; the muriatic acid is attracted by the alkali 
of the soap, and the oil combines with the ammonia, 
forming a kind of coagulum. This soap is much less so¬ 
luble in water than common soap, has a more pungent 
taste, is less consistent, and is decomposed by long ex« 
posure to the air. It is soluble in alkohol. 
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Berthollet, in a memoir on the combinations of oils 
wi’tti ecjjths and metallic oxides has described the pro- ^ 
perties of the saponaceous compounds tlius formed, and 
the processes by which they may be obtained. 

Lim(^-water acts upon expressed oil nearly in the same 

n? Winer assolution, forming a white and thick 

mixture ; but the proper calcareous sSoap i« formed either 

by mixing a solution of soap with a solution of tulpi.ate, 

muriate, or nitrate of lime, or by adding it to lime-Water ; 

the lime unites, in either case, with iho oil of the soap, 

• * ^ 
and forms a combination which is sparingly soluble, and 

which remains on the fiitre. 

By a similar process, Berthollet formed magnesian and 
argillaceous soaps,—adding, to form the one, a solution of 
sulphate of magnesia j to form the other, a solution of 
alum to a solution of common soap, riie magnesian soap 
was of the utmost wdiiteness, unctuous, diied witli diiTi- 
culty, and preserved its white colour after exsiccation. It 
melts with a moderate heat, and forms a transpaivnt mass, 
slightly yellow, and very brittle : it Is i.isi iuble in boiling 
water, but alkohol dissolves it ; when \v..TL>r is ac’ded to 
the solution, it becomes milky. 'I'he arghlaceous soap 
was soft and tenacious, and preserved Its tenacity in dry¬ 
ing : it melts reaildy, and exhibits, after fusion, a ina;>s of 
a beautiful transparence, rather vvliow. it appeared to 
be insoluble in water, alkolicl, oil. 

The solution of muriate of barytes aflbrdod, with soap, 
a combination nearly the same in appearance and proper¬ 
ties as the soap of lime. 

■ rMemoires de l*Acad. des Sciences, ITS 
^Nicholson’s Journal, *lta, vol. i. p, 1?() 
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Combinations of expressed oil with metallic oxides 
^ can be formed by a similar procesS)—>adding to a^lutlOr: 
of soap a solution of a metallic salt; and the properties of 
a number of these compounds have been examined by 
Berthollet. The combination formed in this mani^r with 
oxide of mercury, he found to be vibohL? to <hfy with di£m 
ficulty, losing its white colour in drying; to be soluble in 
oil, and very sparingly in alkohol. That with silver is at 
first white; but after a few moments’ exposure to the air, 
it becomes red : that of gold, which is also at first white, 

• 

soon assumes a purple colour; these changes of colour in 
these combinations being no doubt owing to the facility 
with which their respective metals part wkh oxygen. The 

f 

combination with oxide of iron is of a reddish brown co¬ 
lour, tenacious, and easily fusible: that with copper is of 
a green colour : when digested in alkohol, its colour be¬ 
comes deeper, and it liquefies, but does not dissolve in 
the cold : ether renders its colour deeper and more beau¬ 
tiful, and dissolves a considerable quantity of it: it is also 
abundantly soluble in oils, to which it gives a fine green 
tinge. This, on account of its solidity and its fine green 
colour, has been proposed to be used as a paint The 
compound which oxide of lead forms is white, tenacious, 
and very adhesive when heated : that of tin is also white : 
it is not, like the other .metallic soaps, fusible ; but is de¬ 
composed by heat. The soap of zinc is yellowish 
white, dries speedily, and becomes fusible: that of cobalt 
is of a dull leaden colour, and dries with difficulty; and 


* Journal de PEcole Polytechnique, Cah. iiL p. 427. 
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that of manganese whitey but, on exposure to the'air, as- 
peach'bloom colour, which gradually deepens 
Expressed oil is capable, too, of acting more directly 

qn some of the metallic oxides, and even of promoting 

* 

the or;^dizement of some of the metals. If copper be 

rubbed over with grease, and exposed to the air, the sur- 

face soon becomes quite green, the fat prcbably absorbing 

oxygen, which acts on the metal. The oxidizement of 

mercury by trituration with lard probably depends on the 

saq^e agency. With oxide of lead, expressed oil combines 

very readily, cither by^ trituration, or in a more perfect 

manner by boiling ; and by the last method, so much of 

the oxide is dissolved, that the compound, when cold, as- 

* 

sumes a solid consistence, and is hard. This forms what 
in pharmacy is named Common Plaster, prepared by boil¬ 
ing two parts of oil with one part of vitrified oxide of lead 
{Jitharge)t adding a small of portion of water to prevent 
the composition from being scorched. The mixture be- 
comes white : it retains this whiteness when cold, but be¬ 
comes yellow from long exposure to the air. Its texture 
is somewhat foliated, and it is easily melted. From its 
adhesive quality and its mildness, it is well adapted to the 
uses to which it is applied in surgery. Deyeux, who has 
made some observations on these combinations f, has re¬ 
marked, that some other metallic oxides, as those of bis¬ 
muth and mercury, may be mr.de to afford similar com- 

f 

positions with oil. 


* Nicholson’s Jou’^nal, 4to, vol. i. p. 172. 
f Annales de Chimie, tom. xxxiii* p. .10. 
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Expressed oil is capable of combining with sulphuri bf 
. boiliftg them together. This solution, named in tWshoptf 
Balsam of Sulphur, is of aKlark reddish brown coloui^( an 
extremely foetid smell, and an acrid taste. By the appli¬ 
cation of heat, it emits sulphuretted hydrogen. ^When 
concentrated, sulphur deposited from it, crystallized in 
octaedrons. * 

Expressed oil is also capable of dissolving, with the as¬ 
sistance of heat, phc^spliorus in small proportion. The li¬ 
quid is luminous, wh.en exposed to the air and rubbed. 
When saturated, a part of the phosphorus is deposited, 
on cooling, in octacdral crystals. 

It unites with sever d of the other vegetable products ; 
with gum, fccula, aod sugar. If triturated with any of 
these, and a little water, it forms a milky fluid, wh ch may¬ 
be diffused through water without the oil immediately se¬ 
parating. The mucilage suspends it more completely 
than either of the others ; and it is frequently used in 
pharmacy for this purpose. Tlie mixture with it is mild¬ 
er than that in which the oil is mixed by a small quanti¬ 
ty of alkali ; but it is also less permanent. 

Expressed oils are applied to many purposes in the 
arts. They form the basis of paints, the oil being tritu¬ 
rated with white oxide of lead, and the colouring matter 
being afterwards added. Combined with resin and tur¬ 
pentine, they form what are named Fat Varnishes, which 
differ from the spirit varnishes in being, when dry, more 
flexible. Mixed with lamp-black, they form the compo¬ 
sition used as printing-ink. Fur these uses, the drying 
oils, those of lintseed, of poppy, hemp, or nuts, are em¬ 
ployed ; and tliey require even preparation. Not only is 
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the see4 from which they are extracted previously roast* 
'ed. but the oil is boiled strongly for some time, is even* 
sometimes kindled, and allowed to burn for a little, or is 
boiled with a small portion of litharge} and, for different 
purposes, these processes are often varied. 


SECT. 


IX. 


WAX. 

This substance, though apparently formed by the Bee, 
has been regarded by chemists as a product of vegetation ; 
and it is undoubtedly secreted by certain vegetables, forms 
a kind of varnish on their leaves or stems, or is mixed 
with their juices. Even that w’hich is applied by the bee 
to the formation of its cell has been supposed to be simply 
collected by that insect from flowers, and, in particular, 
to be derived from the pollen, or fine dust of the anthe- 
rac, which undergoes a slight elaboration in the body of 
the animal, so as to acquire that tenacity which fits it for 
the purpose to which it is applied. This opinion, how¬ 
ever, as to the origin of bees-wax, has been rendered 
doubtful, or rather perhaps has been disproved, by the 
experiments of Huber. He has shown, that bees form 
wax when they are denied all supply of the pollen of 
flowers, when they were confined to the hive, and sup¬ 
plied only with honey, or with sugar ; and to cibviate all 
source of fallacy, the comb previously formed was all re¬ 
moved from the hive, and the bees were confined for such 

02 
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a periodi as that no quantity of pollen which they could 
*have been supposed to have collected previous tt> their 
confinement could have possibly furnished the wax t^ey 
formed. The honey or the sugar> too, always disappear¬ 
ed as the wax was formed ; and, on the other hand, bees 
confined, and supplied only with fruit and the pollen of 
flowers, formed no wax whatever. These facU appear to 
prove, that the pollen of plants is not the source of the 
wax which bees produce, but that it is formed from their 
saccharine food, by some changes to which this is sub¬ 
jected *. 

Notwithstanding this conclusion, however, there is still 
reason to regard wax as being likewise a product of vege¬ 
tation. It is the substance, according to Proust, which 
forms the silvery-like down on the surface of the leaves, 
flowers, and fruit of certain vegetables ; and it also exists, 
as he affirms, in the fecula of certain plants, as in that of 
the house leek, or the green cabbage f. And there are 
vegetables which even afford it in large quantity iii near¬ 
ly a pure state. Such particularly is the plant named 
Myrica cerifera, or wax-tree, a native of Louisiana. The 
seeds of this vegetable are encrusted with a white rough 
anylaceous-like substance, which, when rubbed between 
the fingers, feels unctuous. When they are boiled in wa¬ 
ter, it is melted off, and swims on the surface. This sub? 
stance has been examined by Dr Bostock % and Mr Ca¬ 
det II, and appears, from their experiments, to have near- 


* Nicholson’s Journal, vol. ix. p. 182. _ 

Ibid. vol. V. p. 26. 

% Ibid. 8vo, vol. iv. p. 129. |I Ibid. p. 187. 
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ly all the propeities of bees-wax. It is concrete ; of mo* 
derate hardness ; has in part the tenacity of bees-wax, but 
wji^thout its unctuosity ; is like it inflammable ; and exhii 
bits the same general relations to chemical agents. Some 
of its physical properties are a little diflerent, as its colour 
and sfliell; and it is rather more fusible, and somewhat 

more soluble in esher : but these are differences not at all 

• « 

essential, and such as cannot prevent it from being regard¬ 
ed as a variety of the same species. Cadet has observed, 
that there are other species of myrica which afford a si- 
,m*lar product; and that other plants, as the Croton sebi- 
ferum, the Tomex selnfera, the poplar, the alder, and the 
pine, yield by decoction a concrete inflammable matter, 
more or less resembling wax. • 

The substance which has been described by Dr Pear¬ 
son under the name of White Lac, from India, appears 
extremely similar to this *. A wax perfectly resem¬ 
bling that of the wax-tree is also obtained from common 
lac, in which it exists combined with resin, colouring mat¬ 
ter, and a small portion of gluten *, and is extracted by 
boiling in nitric acid, which dissolves the other principles, 
leaving the wax undissolved. And although this is an ani¬ 
mal production, being the nidus of the Coccus or Cher- 
mes lacca, yet, as Mr Hatchet in his analysis of this sub¬ 
stance remarks, it possesses few of the characters of ani¬ 
mal substances ; and the greater part of its properties, as 
well as of its component ingredients, arc such as more im¬ 
mediately appertain to vegetable bodies f. From these 


* Philosophical Transactions, 1794. 
f Ibid. 180L 
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facts, it may be concluded, that wax is a product of tho 
vegetable system ; and though also formed by some ani- 
Inals, that, on the whole, it may with propriety be classed 
among the vegetable principles. In its chemical nature, 
it obviously approaches nearly to the fixed oils. 

Wax, taking the variety prepared by the bee ^ that 
best known, is a solid substance, brittle at a low tempera- 
ture» but acquiring tenacity when very slightly heated, so 
that it can be moulded into any shape. It is tasteless, and, 
when pure, nearly inodorous. Its colour is usually yellow; 
but this appears to arise from the presence of some fb-, 
reign matter, as it can be deprived^ of it, and be rendered 
perfectly white, without any change in its properties. The 
bleaching of this wax, as this process is named, is per¬ 
formed by melting and running, it into thin plates, which 
are exposed to the dr, dew, and sun, until the colour Is 
discharged. The wax of the Myrica cerifera, which has 
a greenish colour, may likewise be rendered white by 
bleaching. 

Wax melts at a temperature of of Falirenheit, 
(whife wax at 155°) * ; and in cooling, passes through an 
intermediate state of softness to perfect solidity : the myr¬ 
tle wax is rather more fusible, melting at 109°. Like the 
fixed oils, it is incapable of being volatilized withovit 
change. It affords vapour, however, when heated to ig- 
nltion, consisting of its elements in a state of new com¬ 
bination } and this vapour, when the air is admitted, burns 
with a clear and white flame. Hence the use to which 
wax is applied in affording artificial light. The products 


♦ Memoir by Mr Nicholson, Jounial, Ito,- vol. i. p. 70. 
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of its combustian, like those of oil» are Mrater and carbonic 
acid. From the quantities of these produced in the com- 
bu^tion of a given quantity of wax, Lavoisier inferred, that 
it consists of 82.28 of carbon, and 17.72 of hydrogen,— 
an inference which can by no means be regarded as accu¬ 
rate. '^hen decomposed in close vessels, so as to collect 
the products, these are found to be a l^rge quantity of 
thick and empyreumatic oil, a portion of water sensibly 
acid, carburetted hydrogen gas escaping, and a small por¬ 
tion of charcoal remaining. From this analysis, it must 
^be regarded as containing oxygen as 'well as carbon and 
hydrogen in its composition. 

Wax is insoluble in water, and equally so in alkohol, 
at least at a low temperature. Dr Pearson found, 'that 
alkohol, by digestion on it, at a temperature of 140°, dis-,. 
solved a quantity ; and Dr Bostock has found, that when 
it is boiled on wax, it dissolves a quantity, amounting to 
about a twentieth of its weight, the greater part of which 
is deposited as the alkohol cools. A small portion, how¬ 
ever, still remains dissolved, which may be precipitated 
by water. The myrtle-wax is rather more soluble than 
bees-wax. Both are also dissolved by boiling ether, but 
the myrtle-wax in larger proportion than the other ; and 
the greater part dissolved by this fluid is likewise deposit¬ 
ed as the temperature falls. 

The action of the alkalis on wax is somewhat similar 
to that on the expressed oils \ the combination taking place, 
however, more slowly, and only when the alkaline solu¬ 
tion is boiled on the wax. Dr Bostock, in his experiments 
on the wax of the Myrica cerifera, found that a soap is 
thus formed, which is sparingly soluble in cold water, and 
# *04 
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therefore separates in flocculi as the liijuid cools: in this 
the" wax has lost its fusibility and inflammability, and the 
compound is decomposed by the acids, the wax re-appcyr« 
ing with nearly its original properties. The action of tlie 
alkali on bees*wax is nearly the same, but rather less com¬ 
plete. A compound of this kind with bees-wax forms the 
Punic wax of the ancients, which has been used as the 
basis of colours, and in encaustic painting. Ammonia 
boiled on. wax forms with it also a white saponaceous 
compound, soluble in warm, but very sparingly soluble in 
cold water. On vegetable wax, its action is more ener¬ 
getic than on bees-wax, 

The acids act on wax with still less force than on the 
fixecfoils, owing, no doubt, to its state of cohesion. Sul¬ 
phuric acid, when its action is promoted by heat, is black¬ 
ened by it, and at length dissolves it, forming a thick 
dark-coloured mass. According to the experiments of 
Beckman, when boiled in diluted nitric acid, it is whiten¬ 
ed and hardened ; and oxymuriatic acid has been propos¬ 
ed to be used in bleaching it. Muriatic acid has scarcely^ 
any action on it. 

It is dissolved very readily by the fixed oils, when a 
moderate heat is applied, and forms a compound of an 
intermediate consistence, more or less firm therefore, ac¬ 
cording to the proportions. Such compositions form oint¬ 
ments and cerates in pharmacy. It is dissolved likewise 
by the volatile oils, with the assistance of heat. 

From the properties now enumerated as belonging to 
wax, it is evident that it approaches nearly to the fixed 
oils. The principal diflerence is in its firmer consistence, 
and in its relations to some of the chemical agents, parti- 
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euUrly to the alkalis. It has been generally supposed to 
differ chemically from them, in containing a larger pro- 
povsion of oxygen; though this is by no means clearly * 
established. 

The principal consumption of wax, is in obtaining from 
its com&ustion artificial light. A candle of wax is supe¬ 
rior to one formed of any other unctuous, matter, in not 
requiring to be snuffed ; the wick burning down equally 
with the body of the candle, and hence the light is always 
clearer and more steady. The reason of this has been 
‘Very well pointed out by Mr Nicholson. In a tallow can¬ 
dle, as indeed in every fcther, the wick takes up by capil¬ 
lary attraction, the portion of matter fused by the heat of 
the flame: but as tallow is very fusible, a large wic*k is 
required, else a quantity of the melted matter would run 
down the surface of the candle •, and this large wick occu- 
pying the centre of tlie flame, where it is secluded from 
the air, is not itself burnt down, but gives a shadow al¬ 
ways increasing as it lengthens. In a wax candle, on the 
contrary, the wax being much less fusible, a very slender 
wick is sufficient to draw up by capillary attraction, all 
the matter that is melted; it therefore obscures less the 
illumination, and at the same time, when it lengthens a 
^little, being so slender and flexible it bends to one. side, 
its extremity thus comes to be without the flame; it is 
therefore burnt by tHe current of air applied to it in its ig¬ 
nited state. Hence the flame is always clear, and the 
snuffing of the wick is performed as it were by the com¬ 
bustion itself*. 


* NicholsonV Journal, 4to, vol. i. p. 76. 
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VOLATILE OR ESSENTIAL OIL. 

t * 

The Volatile, though agreeing with the fixed oils in 
unctuosity, inflammability, and some other properties, dif¬ 
fer from them materially in others. They are volatile at 
a low temperature, and are quickly converted into vapouf 
at the heat of boiling water, without being decomposed: 
they are soluble in a small proportion in water: they are 
still Tnore soluble in alkohol, and they do not easily com¬ 
bine with the alkalis. They are in general odoriferous, 
pungent, and even acrid *, and they are more highly in¬ 
flammable than the fixed oils. 

These oils are less abundantly diflTused through the ve¬ 
getable kingdom than many other proximate principles. 
There are many vegetables in which they cannot be dis¬ 
covered ; and they do not exist in any considerable quan- 
^ty but in the aromatic plants. In some plants.the oil is 
confined to the flowers, the fruit, the leaves, or bark; 
sometimes it is contained in several of these parts, and in 
a few instances it is found diffused through every part of 
tlie plant. The quantity varies not only according to the 
ag^, but also according to the vigour of the plant; hence 
it is much dependent on climate, soil, and season. 

It is remarkable, that though in general the odour seems 
to reside in the essential oil, yet there are some of the 
most odoriferous flowers, as the violet or jessamine, which 
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yield scarcely any essential oil» though they lose their fla¬ 
vour by a gentle heat. 

I Siome of the essential oils being contained in distinct ’ 
\'esicleS) may be obtained by simple pressure. In this 
manner, essential oils are obtained from Femon or orange 
peel. More usually they are obtained by distillation. 
The general process to procure an essential oil, is to ex¬ 
pose the vegetable substance to heat, along with a large 
portion of water, in the common still. The heat of boil¬ 
ing water is sufficient to volatilize the oil: it is therefore 
'^rfied over with the aqueous vapour: both are conden¬ 
sed in passing through i!he spiral tube connected with the 
still: the water retains the taste and flavour of the plant, 
from having dissolved a small part of the oil; the greater 
part of it, however, separates, swims on the surface, or in a 
few cases sinks to the bottom, and is easily obtained pure. 
Hence the oils prepared in this way, are named Distilled 
Oils; and the waters impregnated with them. Distilled 

f 

Waters. When the process is conducted on a large scale, 
and with the sole view of procuring the oil, the same wa¬ 
ter is repeatedly used; as when impregnated with the oil 
in one distillation, it dissolves no larger portion, and the 
loss from this source is avoided. 

f 

The essential oils are in general lighter than water; 
though a few produced from the aromatic plants of hot 
climates, as cloves or cinnamon, are heavier ; they are in 
general thin and fluid, though frequently also thick and 
viscid: some congeal at a very moderate reduction of 
temperature, others remain fluid at very intense colds. 
In congealing they assume a crystalline arrangement. A 
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few oils are always obtained concrete, such as that of 
roses. Their colours are various, and each has a peculiar 
* odour and taste; the odour is that of the vegetable ffom 
which it is extracted. 

The essential' oils are volatilized by a very moderate 
heat: if a greater heat is quickly applied to them, Ss when 
th^ are distilled without water, they suffer a change in 
their composition and properties; hydrogen is evolved, 
and charcoal is obtained as a residuum. 

These oils exposed to the air, suffer a gradual change. 
They lose a gre£[t part of their smell; arc thickened; and'' 
at length become nearly concrete^, depositing at the same 
time, crystals of an acid nature. From these changes it 
wast formerly concluded, that oils are not homogeneous 
in their composition, but consist of a subtle and volatile 
odorous matter, and of another more fixed; and that the 
changes the oil suffered from exposure to the air, were 
owing to the escape of the more volatile part. For this 
opinion there is no foundation ; and these changes appear 
to arise from absorption of oxygen, which has been de¬ 
monstrated by experiment; this appears to oxidize a por¬ 
tion of the oil, so as to form an acid similar to the benzoic ; 
but the greater part of it, either by the loss of part of its 
hydrogen, or partly from this, and partly from the fixa¬ 
tion of oxygen, is converted into a substance of a resinous 
nature. Water is also said to be formed in small quan¬ 
tity. 

The volatile oils when heated, are inflamed even 
more easily than the fixed are, and their combustion is 
more rapid, owing probably to their greater volatility. 
The products of the combustion are water and carbonic 
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add. Tliey yield more water than the fixed oils do; 
.hence they consist of carbon and hydrogeni united per-, 
fhaps with a portion of oxygen: and they dider from the 
fixed oils* in containing more hydrogen proportioned to 
their cs^rbon. To this probably are owing their greater 
volatility and inflammability. Hence also, when fixed oils 
are exposed to heat, they are partially decomposed; part 
of the oil passes over, and a quantity of carbon is left in 
the vessel. By the separation of this carbon, the oil that 
has distilled over is found to have its properties altered, so 
as nearly to resemble the volatile oils : it is more volatile 
and inflammable, and is soluble in alkohol. 

The essential oils are dissolved by water, but in very 
small quantity, only as much as communicates their fla¬ 
vour and taste. Distillation is not necessary for this com- ' 
bination being effected, mere agitation is sudicient; and 
thus waters may be formed, as strongly Impregnated as 
those which are distilled. 

The essential oils are much more soluble in alkohol; 
and this forms one of the principal distinctive characters 
between them and the fixed oils. Some appear to com¬ 
bine with the alkohol in every proportion, others in limit¬ 
ed quantities ; and 'there are some which are even spar- 
'ingly soluble, as oil of lemon peel or of turpentine,—af¬ 
fording in common, with many other facts relating to the 
chemical relations of the vegetable proximate principles, a 
proof that in each the properties are not perfectly uniform, 
but exhibit gradations, undoubtedly from slight variations 
in the composition which constitutes the species. The so¬ 
lutions of the essential oils in alkohol, arc decomposed by 
the affusion of water, which attracts the alkohol; the oil 
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is separated^ and being diffused through the fluid in mi* 
e flute globules^ renders it milky. ^ 

The actior^of the acids on the essential oilS| is more 
violent than their action on the fixed oils. Sulphuric acid 
blackens them instantly, and sulphurous acid and/:arbon- 
ic acid gases are disengaged with sudden effervescence 
and a consideirable elevation of temperature. Nitrous 
acid acts with such violence, as often even to inflame the 
oil; and the inflammation almost always takes place when 
a little sulphuric acid has been added to the nitrous aeid, 
immediately before its affusion op the oil. If the nitric 
acid be added more slowly, and with precaution to guard 
against inflammation, it appears from an experiment per¬ 
formed by Chaussier^, that prussic, malic, and oxalic 
acids arc formed; the remaining oil is converted -into a 
viscous resinous substance, and much carbonic acid, nitric 
oxide, and nitrogen gases arc evolved, during the opera¬ 
tion* The action of muriatic acid is less violent; it 
deepens in general the colour of the oil, and thickens it. 
The oxymuriatic converts these oils into a resiuous-like 
matter. 

The essential oils combine with difficulty with the fix¬ 
ed alkalis. By long trituration of the pure alkali with the 
oil, a combination is effected, and a saponaceous com-*^ 
pound is formed 5 which is much less perfect, however, 
than that formed by the fixed oils with the alkalis, and 
generally decomposes on keeping. From the observations 
of Pelletier, it would appear, that when the alkali is satu¬ 
rated with carbonic acid, it combines more easily and per- 


Journal dc I’Ecole Polytcchnique, Cah. iv. p. 671-. 



VOLAmv OIL. 


sss 

iectly with the essential oils> than ^en it is pttie: and 
i^e has supposed, that the indirect processes emjdojred hy , 
I the chemists to form these combinations, some of which 
_ yrere medicinally used, succeeded in consequence of the 
absorption of carbonic acid from the atmosphere 

Liquid ammonia, distilled with the essential oils, dis¬ 
solves them but very sparingly. It combines readily, how¬ 
ever, with them when they are dissolved in alkohol. 

These oils are capable of dissolving sulphur. The 
compound has an oiFensive smell and taste. From the 
saturated solution, part of the sulphur separates on stand¬ 
ing in transparent crystals. 

They likewise dissolve phosphorus ; and from this^ sa¬ 
turated solution the phosphorus is also deposited in a 
crystalline form. Soixie of these solutions, that in oil of 
cloves for instance, are luminous, without giving out 
much heat. 

They decompose some of the metallic salts, first at¬ 
tracting the oxide, from which the oxygen continues to 
be slowly attmeted, probably by the hydrogen of the oil, 
so that the metal is at length precipitated in its pure 
form. 

The volatile oils unite in some measure with mucilage 
^ ^r with sugar ; and by the medium of#ither of these they 
may be suspended in water. 

They are in general used as perfumes, or in the pw^ 
tice of medicine. Some of them enter into thejcoifiposir 
tion of varnishes. 

These oils are frequently adulterated, either by the ad- 


* hicmoires dc Chimie, tom. i. p. 328. 
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^on di flibme cheaper essential oil» as that of turpentine^ 
, of a pure fixed oil, as oil of almonds, or of alkohol. The 
first is betrayed by its smell, when a little of the adulter¬ 
ated oil dropt on paper is heated before a fire, so as 
volatilize it; the second by the oil dropt on paper leaving 
a greasy stain, even after the paper has been exposed to 
as high a heat as it can bear, and by not being soluble in 
alkohol; the third by becoming milky whenever it is 
mixed with water. 


SECT. XL 

C A M P H O E. 

' Camphor is a principle of vegetables which in many of 
its properties resembles the volatile oils. Like them it is 
odorous, pungent, volatile, inflammable, sparingly soluble 
in water, and abundantly soluble in alkohol. It differs 
from them principally in its concrete form, in its peculiar 
odour, in its relations to the acids and alkalis, and the re¬ 
sults of its decomposition by heat. 

Camphor is a principle contained in many vegetables; 
especially the aromatic pla'nts, and even those of our own 
country, as peppermint, rosemary, marjoram, and others: 
it appears to be volatilized in combination with their es- 
scntial oil in the process of distillation, and, when these 
are long kept, is deposited in a crystalline form. Proust 
extracted it in this way in considerable quantity from 
>^*of lavender, of sage, and other labiated plants; the 
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firsti by spdbtaneous evaporatioD, afibrding one-fourth j 
the second one-eighth of its weight: and he even suppo¬ 
se that it might thus be produced on a large scale. The 
process he followed with this view was to distil oil of 
lavender with the heat of a water bath inferior to 212% 
until one-third had passed over; the remaining quantity 
when cold affords cdniphor> which may be separated frqm 
the adhering oil by pressure between folds of bibulous 
paper, and which, when refined by sublimation with a lit¬ 
tle lime, afforded a white concrete similar to common cam¬ 
phor, but retaining somewhat of the odour of the essen¬ 
tial oil The same plants in this country, however, 
certainly do not contain any proportion of camphor, such 
as Proust describes; and it is even probable, that part at 
least of the camphor deposited from essential oils that 
have been long exposed to the air, has been actually form¬ 
ed from changes in the composition of tlie oil. 

Camphor exists also in the roots of some aromatic 
plants, and has been extracted from those of cassia, cin¬ 
namon, and elecampane. The camphor of commerce 
is procured, however, from a particular plant, the Laurus 
camphora, a native of the East of Asia. It exists ready 
formed in the wood of this tree, can be seen interspersed 
through it in vesicles, and can be picked out. It then 
' forms what has been named Native Camphor. It is u- 
sually procured, however, by the process of sublimation. 
The wood of the stem and branches, cut into small bil¬ 
lets, is exposed with a little water to a moderate heat, in 
a kind of alembic, to the head of which is adapted a ca- 


* Annalea de Chimie, tom. iv. p. 179. 
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pkal in which straw is put. The eanipbor it volatilized, 

^ and attaches itself to the straw. It is a little impure, but , 
is purified in Europe by a second suMinfation. 

The camphor of commerce, from its mode of prepara¬ 
tion, is in the form of large semi-spherical cakes: when 
broken, it appears in fragments of a texture somewhat 
stiiated, having-a degree of ductility, in consequence of 
which it can be compressed, and is not easily reduced to 
powder.} of a white colour, and semi-transparent} a little 
unctuous to the feel; having a very strong, peculiar, and 
rather fragrant odour, and a taste which is pungent and 
bitter. It is also susceptible of crystallization: when 
slowly sublimed, or when slowly precipitated from its so¬ 
lution in water by the affusion of alkohol, it appears in 
the form of acicular prisms. 

Camphor, though a concrete substance, is even more 

volatile than the essential oils. It evaporates quickly at 

the common temperature of the atmosphere, losing in 

♦ 

weight, s^d an angular fragment becoming spherical} and 
at a temperature between 100 and 150, it sublimes in close - 
Vessels unchanged. If heated under compression, or even 
if'suddenly heated under the pressure of the atmosphere, 
it becomes iluid before it passes into vapour} and in the 
process of subliming it in the large way, the heat is so ap¬ 
plied, that the camphor is kept fluid, and the sublimed 
cake is thus obtained more dense. The temperature at 
which it melts is, according to Venturi, 302® of F^ren- 
heit. 

It is highly inflammable, kindles very readily, and bums 
witli the eniiasion of much light, and with a dense black 
smoke, which condenses into a smooth light charcoal. 
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Carbonic liiici gas is produced^ and 9 portion tkc peco^ 
liar acid which has been named Camphonc Add* 
^Camphor is very apatmglf aolubk m ,water. When 
riturated with it, it merely commuDijpates its smell and 
taste to the. water, which remains odorous, and somewhat: 
pungent, even when filtrated; but no appreciable quanti¬ 
ty is dissolved. A' phenomenon which has excited sopao 
attention is presented, when pieces of camphor are placed 
on the surface of pure water. They soon begin to move 
with rapidity, and while moving dissolve, the solution 
taking place at the line where the water and the air are in 
contact i as is proved 6y immersing a cylinder of cam¬ 
phor in water part of its length : it becomes exca¬ 
vated, and at length is cut through, exactly on a levd 
with the surface of the water; and the motions of the 
camphor are, according to Venturi, owing to this cause ^ 
or, as he,has expressed it, the rotation of small pieces of 
camphor at the surface of water is the mechanical effect 
of the re-action which the oily liquor, (into which the 
camphor, by the solvent power of the air and w9ter, is re¬ 
solved), extending itself upon the water, exercises against 
the camphor itself *, 

Camphor is abundantly soluble in alkohol: the solution 
i§, immediately decomposed, and the camphor precipitat- 
' cd in the form of a white powder, by the affusion of wa¬ 
ter } but if the water be very slowly added, and merely in 
such a quantity as to weaken the affinity of the alkohol 
to the camphor, the latter, in separating, presents a den- 
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dritk erystaUization. It is also aoluUf'm ei^essed and 
essential oils. • 

The alkalis do not dissolire cam^ihorf or produce od it 
any sensible change. Of thO eardis, magnesia appears to 
exert some action on it, as, when they are triturated to* 
gether^ the camphor is reduced to a smooth impalpable 
pcwrder, 'which is easily diffused in water. 

The action of-tho stronger acids on camphor is pecu- 
llari and presents some singular results. 

Sulphuric acid digested on it renders it brown; and at 
length a brown or reddi^ solution is obtained, from 
which, on the addition of water,*camphor is again preci> 
pitated. This, however, it has been remarked by Mr 
Hatchet, in his late experiments on the formation of arti¬ 
ficial tanin, takes place only at a certain stage of the pro¬ 
cess ; and he has investigated other changes which hap¬ 
pen with mote precision. One hundred grains of cam¬ 
phor beihg added to one ounce of concentrated sulphuric 
acid, it gradually dissolved, forming a solution which| 
from yellow, deepened to a blackish brown \ much sul¬ 
phuric acid gas having been disengaged : at the end of 
two days, the production of this gas had ceased : the ves¬ 
sel was placed in a sand-bath, by which it was for a time 
renewed.. At the end of >two days more, six ounces c^f 
wdter were gradually added *, a coagulum of a reddish 
brown colour was formed ; the odour of sulphurous acid 
ceased, and was succeeded by one resembling that of a 
mixture of oils of lavender and peppermint. The whole 
was then distilled gradually ; the water impregnated with 
this odour came over, accompanied by a yellowish oil, 
amounting to about three grains. When the whole of the 





•vrtfer liad distilled ovtt, there was »'^si%ht pn»diie^oh o£ 
sulphurous acid gas: two ounces of water Were then, 
'^ded> and the distillation etmtinued until U dry blackish 
brown mass remained: by-the action oi alkohol, part of 
this was dissolved, part remained undissohred : the latter, 
which amounted in quantity to 53 grains, had the appear- 
ance of a compact coal: the dissolved matter had the pro¬ 
perties of tanin : it weighed, whehi. obtained solid, 49 
grains. Into ^ese three substances, therefore, the cam¬ 
phor had been resolved, by the acdon of the sulphuric 
acid causing its elements to enter into neW combinations, 
and perhaps imparting a little oxygen, as there was an in¬ 
crease of weight equal to 5 grains 

The action of nitric add on camphor is very different. 
In the cold It dissolves it, and the solution divides into 
two portions,—one a yellowish liquid of an oily-like api 
pearance, which floats above the other that appears more 
watery. The first contains camphor in a state of solution 
in nitric acid, and is decomposed by the afFusio^of water: 
part of the camphor has, however, been changed in its 
composition; for not more than two-thirds of the portion 
operated on can thus be recovered : the remaining quan¬ 
tity appears to exist in the state of an acid, with a quan¬ 
tity of nitric acid in the watery fluid beneath. By the 
greater number of the other acids camphor is dissolved. 
Muriatic acid gas and fluoric acid gas dissolve it, and 
form a combination which is decomposed by wat^r i and 

j 

liquid muriatic acid, as well as acetic acid, easily effect its 
solution; and Bergius found, that water impregnated 


* Philosophical Transactions, 1805. 
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«icid dissolved 8 lao^ of it i^sn 

water*. • 

;Bf distUlio^ nitric acid from casnpihorf it is more com- 
idetdy changed* md by ^ia fVoCess is converted into an 
acid which has i^ceived the name of Camphoric acid. 
The process consists in distilling from 4 ounces of cam^ 
pbor in a retcfS* I lb. of nitric acid* so far diluted as to 
he of ^ ^^ecif^c gravitjr of I'SS, ^ the heat being gradu¬ 
ally applied by the medium of a sand-bath: nitric oxide 
and carbo^ acid g4l^ are disengaged ^ part of the cam¬ 
phor risi^ in vt^ur* while the o^er part receives oxygen 
from the-acid. When the vapours have tceased* the re¬ 
ceiver is to be unluted •, the camphor condensed in it is 
to l» returned into the retort* snotheir pound of acid add¬ 
ed* and the distilhuipn is to be renewed. Hiis operation 
is to be repeated* until all the camphor is acidified. Ac¬ 
cording to Lagrange* who performed this expedment with 
care* about S pounds of nitric acid of the above str^gth 
are required to acidify 4 ounces of camphor f. At the 
end of the expeiiinent* the camphoric acid crystallizes in 
the remaining liquid. The liquid is decanted off* and 
the crystals being placed on a filtre, are washed with dis¬ 
tilled water* to carry off any adhering nitric acid. They 
amount tp nearly half the weight of the camphor. «. 

Camphor may be decomposed by heat: and the expe- 
rtmem is instructive* as pointing out the peculiar nature 
cff this principle* Some managraaent is requisite to sub¬ 
mit it to a heat sufficiently high* and at the same time 
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preytot its voUtUizattoQ, The prpt^ess which has been- 
x^oilowed, is tp mix it with clay: six parts of clay b^- 
idg used to one of camphor \ both sure redpjced to pow¬ 
der, and when intimately mixed, (die np^ti^e is made in¬ 
to a paste with water, which is made up into small balls, 

, and well dried. These bails are exposed in a retort to a 
beat gradually raised, the retort being cqnnected with a 
receiver containing a portion of distilled water. Part o| 
the camphor is sublimed, but the greater part of it is de¬ 
composed ; an oily fluid distils over* which swims on the 
surface.of the waters a portion of camphoric acid is like¬ 
wise produced, which Ihe water dissolves, pnd there re¬ 
mains in the retort a quantity of charcoal mixed with the 
clay, and. giving to the whole a deep black colour:. there 
are disengaged too in the course of the experiment, car- 
bu retted hydrogen,and carbonic acid gases. From 4 ounces 
of campl^or there are obtained, according to liagrange, by 
this process, 12 drachms of oil, and 8 drachms of char¬ 
coal, besides the camphoric acid and aerial fluids *, 

The oil of camphor, as this product of the decomposi¬ 
tion has been pamed, is of a golden yellow colour ; has 
an aromatic cllbur resembling that of thyme or rosemary, 
and an acrid burning taste, leaving, however, a sense of 
qoolness impressed on the tongue.. It is volatile: when 
exposed to the air it partly evaporates, and there remains 
a thick yellow matter, which at length,also entirely eva¬ 
porates. It is also volatilized by heat, and is infl^ma- 
ble. Alkohol dissolves it entirely, and the solutioo is im^ 
mediately rendered milky, but without any precipitate pn 

Nicholson’s Journal, 4*to, vol. ii. p. 1^9. 
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the afTtision of water. It combines with the pure alkalis^ 

^ affording a compound soluble in water, and«uirhich has th^. ^ 
characters of the soap ma^ with volatile oils. WHen 
brought into contact with oxymuriatic acid, this oil be- ' 
comes very white, but'no precipitate appears. 

V ( 

This substance has evidently the properties of a vola¬ 
tile oil i and hence the decomposition of the camphor in 
which it is produced, points out the chemical constitution 
of this principle. As it is resolved into this oil and into 
. charcoal, or compounds containing carbon, it is obvious, 
that it differs from the volatile oils principally, if not sole¬ 
ly, in the laager quantity of carbon which enters into its 
composition. 

it has already been stated that when the vapour of 
camphor is transmitted through an ignited glass tube, it 
is resolved principally into u species of oxy-carburetted hy¬ 
drogen gas, of a greater degree of specific gravity than 
the greater number of the gases of this family; consum¬ 
ing also a large quantity of oxygen in its combustion, and 
affording a large proportion of carbonic acid from that 
process: containing, therefore, evidently a large quantity 
of carbon in its composition. ® 

The Camphoric acid produced by the preceding pT(k> 

t 

cesses, has been particularly examined by Lagrange, who 
has found reason to conclude, that it is different from all 
the known acids. It has a slightly acid bitter taste, and 
reddens infusion of litmus. Its crystals effloresce on ex¬ 
posure to the air $ they are sparingly soluble in cold wa- 
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ter, an ounce of water at 50® of Fahrenheit, not disaolv- 
,ing more than 6 grains; at 212®, about 48 grains are dis- , 
s^ved. When the a(iid is placed on ignited fuel, it emits 
a dense aromatic vapour, and is mtirely dissipated. By 
applying heat to it in close vessels, it dpt meltb and sub¬ 
limes, but by a higher heat its properties are changed ; it 
no longer reddens litmus, acquires an aromatic smell, its 
taste is less penetrating, and it is no longer soluble in wa¬ 
ter, or in sulphuric or muriatic acid. Nitric acid heated 
on ^it, turns it yellow and dissolves it. 

Camphoric acid is soluble in the mineral acids t it is 

f 

likewise soluble in alkohol, and in the volatile and fixe^ 


oils. It produces no change in sulphur. 

The salts formed by this acid, with the alkaline, earthy, 


and metallic bases, are named Camfhorates. Their 


properties have been examined hy Lagrange *. Their 
taste is somewhat bitter: they are decomposed by heat, 
the acid being sublimed ; and they all exhibit a blue 
flame when heated before the blowpipe. The alkaline 
and earthy camphorates are formed by adding the cam¬ 
phoric acid to the alkali or earth, either pure, or fn the 
state«of carbonate ; the carbonic acid, in the latter case, 
being disengaged. 

- Camphorate of potassa is sparingly soluble in cCld, but 
abundantly soluble in boiling water; it crystallizes, oil 
cooling, in crystals of six sides, white and transparent, 
and having a bitterish taste. It is also soluble in alkofaoK 
It is slightly deliquescent in a humid atmosphere is-fus- 
ed, and then decomposed by heat, and, as all the cam- 
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4ot buniA wUi^ a blue Camphorateof to- 
da it jrather le 69 soluble than that of potasta^ither in cold 

* 

or irarm water: its crystals are ipot of a regular form i 
they are white and transparent, and have a bitterish taste, 
l^y ane also soluble in water < they are slightly efflores¬ 
cent.; are decomposed by h^t in the same manner as the 
other. Camplmrate of ammonia is 'not easily obtained 

. crystallized: ks solution, evaporated hy a very gentle 
heat, giving a solid matter, not transparent, which has 
nearly the same degree of selubllity as the camphm*ate of 
potassa. It is also sol«i,ble in aikohol; is deliquescent, and 
deconiposed by heat. 

The earthy are much less soluble than the alkaline 
camphoraies. Camphorate of lime is sparingly soluble in 
water, sufflctently so, however, to remain in solution when 
the acid is dropt into lm»>wateT. When this solution is 
^aporated, the salt is deposited, on cooling, in crystalline 
plates, of a white colour. It is efflorescent: like the other 
eamphorates, it is decomposed by heat. It is insoluble in 
aikohol. The camphorate of barytes is prepared in a si- 
Rdlar'manner; and by evaporation it is obtained, when the 
liqUpF cools, in crystalline plates. It is very sparingly so¬ 
luble in water; is not altered from exposure to the air. 
Its taste is slightly bitter. Camphorate of magnesia is 
prepacad by adding camphoric acid to carbonate of mag¬ 
net, difflised in water, filtrating the solution, and eva¬ 
porating it : the salt is deposited in crystallme plates, 
white, jopnque, axui slightly efflorescent. Its taste is bit¬ 
ter,: it J$ very sparingly, soluble in water, and also in ai¬ 
kohol. Camphorate of argil is prepared by a process si¬ 
milar to that by which the last salt is obtained: on eva- 
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porat^ and coolingi it ia deposited in the state of a white 
powder^ having a taste somewhat hkter and styptic. It 
is Sbluble in about 200 parts of oohi wat^t and in a mudi 
less qitani^y of boiling water* It is also sparingly solu¬ 
ble in a&oholf but more abundantly if the temperature be 
raised.’ It is decomposed by heat, and, like the other 
camphorates, burns with a blue flame. <• 


Camphor is not only a native production; it has been 
lately discovered, that it is capable of being artificially 
formed. This rather singular fact occurred to a Mr Kind, 
a German-chemist, in forming a medicinal preparation, by 
passing muriatic acid gas through oil of turpentine. " Ihe 
oil acquired at first a yellow colour, afterwards a pale 
l^own colour, which, towards the end, turned to a deep 
brown. After cooling, the liquor was almost wholly coa¬ 
gulated into a crystalline mass, which in every respect 
comported itself like camphor." The agency of the mu¬ 
riatic acid in giving rise to this result, he supposes to de¬ 
pend on its great tendency to combine widi water, in 
consequence of which it determined the union of the 
principles of this liquid (oxygen and hydrogen) in the oil, 
so that the carbon became predominant. He farther ob¬ 
serves, that though a sirmlar production of camphor had 
not been before noticed, yet Meyer speaks of a concretion 
of a camphoric nature, formed in oil of turpentine, digest¬ 
ed with dry caustic salt; andTrommsdorffobseTveda&rm<* 
ation of camphor, on distilling essentisil oils on lime ; and 
in both these cases, the same cause may be supposed to 
have operated. 
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Trommsdorff repeated Kind’s experiment, and ob- 
, tained similar results. A concrete matter «iiras procure^* 
which, when dry, was white and semi-transparent; its 
odour was strong, analogous to that of camphor, though 
injured by that of the turpentine. When heated, it was 
volatilized, with a strong smell of camphor,, and Mrithout 
leaving any residuum : in close vessels it sublimed : in the 
open air its vapour inflamed. It was dissolved entirely by 
atkohol, and was precipitated unaltered by water. It dis¬ 
solved with facility in almond oil. Concentrated nitric 
acid eflected its solution, at first calmly, but afterwards 
with a disengagement of nitric oxide gas. The mixture 
became turbid by the addition of water, but did not de- 
posite camphor,—the only circumstance attending these 
experiments in which this substance diflered from com¬ 
mon camphor, and which Trommsdorff supposed might 
be owing to the presence of a little muriatic acid, or oil 
of turpentine. 

The^ experiments were repeated by Bouliay, in con¬ 
junction with Cluzel and Chomet, from whose memoir * 
the above account is taken ; and they have added a num¬ 
ber of other facts connected with this artificial formation 
of camphor. 

From four pounds of oil of turpentine, put into the 
first bottle of Woolfe’s apparatus, and submitted to the 
action of the quantity of muriatic acid gas transmitted 
through it, disengaged from four pounds of sea-salt and 
two pounds of sulphuric acid mixed In a retort, they Ob¬ 
tained, at the end of the experiment, which exhibited thq 
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Same phenomena as had been described by Kind, twenty 

ounces of a CTystalline matter. When the bro^ish iU 

(^id which had been' withdrawn from this matter had, 

stood several days, four ounces more- were deposited 
• « 

and on exposing the remaining liquid to intense cold, two 
ounces more were obtained, thus affording, on the whole, 
seven ounces and a‘half of tliis matter for, each pound.of 
oil of turpentine employed. When the proportion of 
muriatic acid gas transmitted through the oil was increas¬ 
ed, the precipitation of the crystaUine matter took place 
in nearly the same quantity. 

This matter, washedt in distilled water, became of a 
beautiful white colour: it gave no signs of acidity, but 
had still an odour of turpentine. When washed with 
water having dissolved in it carbonate of potassa, it lost 
much of this odour. When mixed with an equal weight 
of charcoal powder, of quicklime, or of dry argil, and 
sublimed, in each of these processes, a mass was obtain¬ 
ed in the capital,, composed of needle-formed crystals in 
groupes. Thus purified, it had entirely lost the odour of 
oil of turpentine ; that which it retained was analogous 
to that of common camphor, but not so strong. It swims 
on water, and communicates to it its taste : it is completely 
dissolved in alkohol, from which it is separated by water 
unaltered. 

So far in its properties it is the same with natural cam¬ 
phor : in others, however, it is somewhat different. Ni¬ 
tric acid in a diluted state, which dissolved common cam¬ 
phor readily, had no effect on it. The concentrated acid 
had at first no action on it; but, after a few seconds, a 
solution is effected, nitric oxide gas being disengaged i 
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•while the same acid dissolved common camphor, difftiso 
ing white vapours. Neither did acetic acidp which readt*^ 
ly dissolves common camphor, act upon thb artificial sitb- 
stance in the cold. On applying heat, it sofmned, and 
seemed to dissolve it; but, on cooling, it was all collect* 
ed on the surface of the acid, with its properties unal- 
tejcd. 

When the similarity of this product in so many Other 
properties to camphor is considered, these differences are 
perhaps not sufficient to invalidate the conclusion, that it 
may be regarded as a variety of this principle. 

The French chemists found, that when oil of turpen¬ 
tine was kept for three days in a sand-bath, the tempera¬ 
ture of which was about 120^, a very light and volatile 
oil was condensed in the receiver, and in the capital many 
small crystallizations of true camphor; but they conclude, 
that although this appears to prove, that a quantity of 
camphor exists in this oil, yet it could not have contained 
so large a quantity as that obtained by the action of mu¬ 
riatic acid gas on the oil; part at least, therefore, of which 
must have been formed during the jnrocess. They farther 
found, that the other volatile oils afforded no camphor 
when subjected to the action of the muriatic acid gas. 

The liquid which is produced along with the camphor 
appears, from their experiments, to contain a quantity of 
oil soluble in alkohol and ether, and of muriatic acid. 



RESIK. 


259 


SECT. xir. 


RESIN. 


The principle to’ which this name is given, exists abun¬ 
dantly in the vegetable kingdom, and is one of those proxi¬ 
mate principles, the characters of which are most dis¬ 
tinct and obvious, and which has been therefore longest 
known. It is often in combination with some of the 
other principles, particularly with gum, essential oil, and 
extract. But there are also vegetables which exude juices 
that concrete into a matter entirely resinous, and it is 
from these that the characters of the species are taken. 
The essential characters are existing in the solid form, be¬ 
ing altogether insoluble in water, but perfectly soluble in 
alkohol, and in essential and expressed oils; and being 
incapable of being volatilized without decomposition* 
The resinous juices obtained, either by spontaneous 
exudation, or from incisions in the vegetables affording 
them, always contain a portion of essential oil, which, 
from exposure to the aii, is either volatilized, or changed 
so as to be converted into resinous matter, or sometimes 
the oil is abstracted by distillation. In some plants, ^ con¬ 
crete resin is deposited in the interstices of the wpod, or 
other parts of the plant. When combined with gum or 
extract, it can only be separated by a chemical process; 
and the one generally followed is, to dissolt^ the resinous 
matter by alkohol, and precipitate it from this solution by 
the affusion of water. 
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Resins when concrete^ are bnttlei and have generall^.a 
smooth and oonchoidal fracture; their lustte is peculiar, 
and has even been selected as affording one which is 
characteristic, denominated by mineralogists the Resinous: 
they are more or less transparent, and of a colour which 
is generally some shade of yellow or brown. Their spe- 
clijc gravity is <rather greater than that of water : they are 
of^Len odorous and sapid, though neither of these qualities 
is essential to a resin, and some are insipid and without 
smell. 

Resins are fusible, and melt from a very moderate heat. 
When cooled they become solid,' without any change in 
their properties. 

They are not volatile : for although when strongly heat-* 
ed, a vapour arises from them, this is either from a por¬ 
tion of volatile oil which has adhered to the resinous mat¬ 
ter, or is the result of decomposition. When the heat 
rises nearly to ignition, this vapour takes fire, and the re¬ 
sins themselves are all inflammable. They afford in their 
combustion, water, carbonic acid, and a very dense smoke 
which condenses into a fine charcoal. When subjected 
to decomposition by heat in close vessels, they afford wa¬ 
ter, a portion of acid, carburetted hydrogen and carbon¬ 
ic acid gases, and a residuum of charcoal. They appear 
therefore to be compounds of carbon, hydrogen, and oxy¬ 
gen ; and differ from the volatile oils in containing either 
more oxygen or more carbon. These oils appear to be 
convertible into them by long exposure to the atmosphere, 
and it is not very evident whether this is owing to the 
oxygen directly combining with the principles of the oif, 
or to its combining with its hydrogen, forming water, and 
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leaving the oil of course with an enlarged proportion of 
carbon and o5tygen. * 

All these substances are insoluble in water, and are 
not alFected by this fluid. Neither do they suffer any al¬ 
teration from exposure to the air ; hence from both 
qualities, they are used as the basis of varnishes, with 
which the surfaces of substances are coveitd, that require 
to be protected from the action of air and humidity. 

Resins are soluble in alkohol; some of them, however, 
mofc sparingly than others. Those which are most dif¬ 
ficultly soluble, have their solubility promoted by the ad¬ 
dition of camphor. Their solutions are decomposed by 
the addition of water, and the resinous matter precipitat¬ 
ed. They are soluble likewise in ether, and in volatile 
and expressed oils : and camphor exerts a marked action 
on them ; when beat with any resin or gum resin, it ren¬ 
ders it soft and nearly liquid. 

From the experiments of Mr Hatchet it appears, that 
resins combine with the alkalis. In examining the sub¬ 
stance known by the name of Lac*, and which consists 
principally of resin, with smaller portions of wax, gluten, 
and colouring matter, he found, that it was completely 
soluble in solutions of potassa and soda, forming sapona- 
cc6us compounds, which are decomposed by acids, and 
the resin again precipitated. An<l by further experiments 
he found, that other resins arc dissolved likewise by the 
alkalis. Facts of this kind had even been known to the 
older chemists : thus copal, which of all the resins seems 
to be least easily acted on, was known to be perfectly dis- 
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solved by pure alkalis, the solution being precipitated by 
,;acids These alkaline solutions may evemserve as var¬ 
nishes, and in the composition of pigments. The alka¬ 
line carbonates, and even salts, having a slight excess of 
alkali, as common borax, exert a similar action, only less 
energetic. The solvent action of ammonia on the resins, 
is not so compkte as that of the fixed alkalis. 

Resins are also soluble in some of the acids, and by 
others are decomposed. On this subject the most accu¬ 
rate information is to be derived from Mr Hatchet's ex¬ 
periments +. Concentrated sulphuric acid poured on any 
resin in powder, dissolved it, he found, in a few minutes ; 
the solution being transparent, of a yellowish brown 
colour, and an oily appearance. Though the resin ap¬ 
pears at first to be merely dissolved, this is not perman¬ 
ent ; progressive alterations taking place in the dissolved 
matter ; the principal product of these changes in a cer¬ 
tain stage of the process, is a substance which has almost 
all the characteristic properties of the vegetable substance 
known by the name of Tannin ; this, however, is also 
changed by the continued action of the acid, and is ulti¬ 
mately converted into charcoal. 

Nitric acid also acts on resins; but the nature of its 
action, it is observed by Mr Hatchet, appears to be cen- 
versely that of sulphuric acid : with the latter acid, solu¬ 
tion precedes decomposition ; but with nitric acid decom¬ 
position to a certain degree precedes solution : for it at 
first converts the resins into a pale orange coloured, brittle. 


♦ Materia Medica Bergii, p. 899. 
t Philosophical Transactions, 1804, 1805, 1800. 
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porous substance, then into a product which apparently 
possesses thcf intermediate characters of vegetable cxtrac-* 
tive matter and of resin ; and, lastly, into a variety of the 
tanning substance ; different proportions of this being af¬ 
forded ^by different resins. 

There is one acid, however, which appears to be a di¬ 
rect solvent of resins, without materially altering tlieir 
composition,—the acetic acid. Mr Hatchet observed its 
solvent power, in his analysis of lac ; the whole of the re¬ 
sin, of that substance being dissolved by it, with the as¬ 
sistance of heat, a portion being deposited as the liquid 
cooled, but a part still remaining dissolved, which was af¬ 
terwards precipitated by water. 

A number of resinous substances are met with in com¬ 
merce, being used in medicine or the arts *, such as copal, 
sandarach, mastic, dragon’s blood, elemi, and the resins ob¬ 
tained from the juices of the different species of pine. 
These, though a general analogy exists among them, still 
differ somewhat in their chemical properties, so as to lead 
them to be regarded as varieties of one chemical species. 
They hence require some separate notice. 

The juice of the Pinus larix, balsamea, sylvestris, and 
abics, consists principally of espcntial oil and resin. Tiie 
oil when separated by distillation, which it is usually from 
the Pinus larix, is known by the name of Oil of Tur¬ 
pentine, and the substance which remains is the common 
resin, or rosin of the shops. It is of a white or yellow 
colour, and has hence the names of Resina Jiava^ and Rt- 
sina alba. Its properties are those of a pure resin, above 
described. 

Sandarach is the produce of the Juniperus communis, bc- 
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ing secreted and deposited beneath the bark, or exuding 
through it. It is in small round fragments, df a yellowish 
colour, semi-transparent, and brittle, having a very slight 
odour, and scarcely any taste. It is entirely soluble in al- 
kohol, and is used in the composition of some of the spirit 
varnishes. Mr Nicholson remarks, that it is not soluble 
m dil or mclted*tallow, in which it differs from resins *. 

Mastich is the produce of the Pistacia lentiscus, by ex¬ 
udation: it is in small rounded masses, of a yellowish 
colour, semi-transparent: it has scarcely any taste, and 
its smell is perceptible only when it is heated. It is so¬ 
luble in alkohol, but not entirely. Mr Mathews found, 
that.nearly a fifth part of it remained undissolved : this 
residual matter, after repeated washings w'ith alkohol, was 
white, considerably elastic, adhesive, and inflammable. It 
had much the appearance of caoutchouc, and, from some 
comparative experiments, it appeared to have very nearly 
the same chemical properties. Mr Brande has remarked, 
that it differs from it, in becoming hard when dried, by 
exposure to the air. 

Copal is a resin possessed of some peculiar properties, 
and valuable, as serving to form the finest varnishes. It 
is the produce of the Hhus copallinum, a native of Mexi¬ 
co : it appears to have exuded from the stem or branch- 
cr> in a li(|uid or soft state, and to have afterwards become 
concrete. It is in large fragments, smooth and brittle, 
transparent, or nearly so, without colour, or having only 
a slight tinge of yellow t its taste is weak, and it has 
scarcely any smell: when chewed, it does not become 
lough, as mastich does. Like tlie other resins, it is fusi* 


Nicholsoa^s Journal vol. x. p. 217. 
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ble, inflammable, and altogether insoluble in water. The 
property in ^hich it differs from the greater number o^ 
them is its very sparing solubility in alkohol: when di¬ 
gested in that fluid, with the assistance of heat, part of it 
assumes the appearance of an opaque, soft, viscous mass 
a small portion only is dissolved, and the greater part 
of this subsides as the liquid cools. Camphorated adko- 
hoi, Bcrgius states, dissolves the greater part of it; and a 
perfect solution is obtained, he remarks, when camphor 
atyl copal are put together into alkohol, owing, no doubt, 
to the peculiar action which camphor exerts on all the 
resins. It is not soluble by digestion in expressed oils i 
but it is stated by Bergius, that if it be previously melted, 
and the oil be dropt on it, it is completely dissolved both 
by fixed and volatile oils. By oil of turpentine, he adds, 
it is converted into a soft viscid-like substance ; but if the 
oil be old, it acts more powerfully on the copal than when 
recent. Other oils, as those of rosemary and lavender, 
dissolve it even in the cold. And as these three oils, 
especially when long kept, appear generally to contain 
camphor, it is .probable that it may promote the solution 
of the copal. 

£lemi is a resin very little used. It is tlie produce of 
the Amyris elemifera ; is in large solid masses, of a varie¬ 
gated greenish colour, and semi-transparent; having an 
odour stronger than some of the other resins, and a taste 
which is bitter. It is fusible, inflammable, and soluble in 
alkohol, and partially in expressed and essential oils. It 
appears usually to contain a portion of volatile oil in com¬ 
bination with resin, as a small quantitv is obtained from 
it by distillation. 

as 



246 


KESIN. 


Animi, the produce of the Hymenaea courbaril, is a 
/esin which, in its external appearance, has & very strong 
resemblance to copal, and is often sold for it, or mixed 
with the real copal; it is distinguished principally by 
having more of a yellow tinge, by becoming somewhat 
ductile when masticated, and by being more easily solu* 
blein alkohol, and in essential or expressed oils. 

The resin, which has received the absurd name of Dra> 
gon*s Blood, is obtained from the Fterocarpus draco, ex¬ 
uding from incisions made in the bark, and also from sogie 
other plants. It is in masses, of a red colour, and varie- 
gated texture, opaque, hard, and friable ; without taste or 
smell. It is fusible, inflammable, and soluble in alkohol, 
communicating tp it a deep red colour. 

The substance known by the name of Lac is produced 
by an insect, which deposites it on the branches of certain 
trees in India, formed into cells, which appear designed 
as an envelope for its young. It is imported into Europe 
in different states,—stick lac, which is the substance in 
its natural state ; seed lac, in which it is reduced into 
small fragments or grains by pounding, and from which 
part of the colouring matter appears to have been extract¬ 
ed by boiling; and shell lac, which is prepared from the na¬ 
tural lac, by liquefying, straining, and forming it into thin 
plates, and which contains least of the colouring matter. 
The lac, freed from the insect often involved in it, has all 
the characters of vegetable matter, and is probably not 
formed, but deposited by the animal which produces it; 
and Mr Kerr, who has given some account of its natural 
history *, has remarked, that “ as a red substance is ob- 


^ Philosophical Transactions, 1781, p. 2(?9. 
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rained by incision from the plaso-tree very analogous to 
Inc, it is probable, that the insects have little trouble in, 
animalizing the sap of these trees in the formation of their 
cells.” It was always evident, from the chemical nature 
of this substance, that it was of a resinous nature ; and its 

f 

analysis has lately been executed by Mr Hatchet *. He 
has found it to consist principally of resin) with colouring 
extract, vegetable gluten, and wax ; the different varieties 
giving the following proportions : 


Resin. 

Extract. 

Wax. 

Glutei 

Stick lac, G8 

* 10 

6 

5.5 

Seed lac, 88.5 

2.5 

4.5 

2 

Shell lac, 90.9 

0.5 

4 

2.8 


I'he principal qualities of the lac arc of course derived 
from the resin, its chief constituent part. Alkohol dis¬ 
solves this, forming in the cold a transparent solution ; 
hut if heated, the solution is turbid, from some of the 
other principles being dissolved. Ether acts less power¬ 
fully on it. Water acquires from the different varieties 
of lac a crimson colour, more or less deep, according to 
the proportion of colouring matter they contain. The 
sfronger acids, as the sulphuric and nitric, decompose it« 
Muriatic acid dissolves its colouring matter, and gluten 
acetic acid dissolves the whole of it, except the wax. The 
alkalis and alkaline carbonates dissolve it, forming sapo¬ 
naceous solutions j anti it is also rendered soluble by bo¬ 
rax. Lac is used in dyeing, and the preparation of paints j 


Philosophical Transactions 1801 *. 
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a solution of it in water, by the medium of borax, is the 
basis of the Hindoo ink, and may be used^as a varnish. 

f 

It entei^s into the composition of the common spirit var> 
nishes, and is employed also in the formation of sealing 

wax. 

Besides the substances now described, which are near¬ 
ly qr perfectly pure resins, resinous matter exists in com¬ 
bination with other proximate principles of vegetables, 
and is also contained in the leaves, bark, and other parts 
of many plants. The medicinal powers of a number of 
the most important articles of the Materia Mcdica depends 
on a resinous principle in these states. 

The principal use of the resins, it has been observed in 
their description, is in the formation of varnishes *, and 
these are generally composed of more than one resin in a 
state of solution. They are named Oil or Spirit Varnish¬ 
es, according as oil or spirit is the solvent. The oil may 
be either expressed or volatile. Of the former, the dry¬ 
ing hntsced oil is what is generally employed ; of the lat¬ 
ter, oil of turpentine. A varnish with the first is prepar¬ 
ed by boiling the finer kind of common resin with a por¬ 
tion of mastich in lintseed oil; and to this a portion of oil 
of turpentine is usually added, which accelerates the dry¬ 
ing of the varnish. Varnish with oil of turpentine aloiw 
is prepared by dissolving in this oil the requisite propor¬ 
tion of mastich. If a finer varnish of this kind is requir¬ 
ed, it is formed from copal; but it has always been found 
difficult to dissolve the copal completely in the oil. Dif¬ 
ferent methods have been proposed ; that by the medium 
of camphor, which, as has already been remarked, renders 
copal soluble, appears to be the best. This varnish is 
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colourless and durable, and answers well for varnishing 
pictures. The method of preparing it has been given by, 
Mr Sheldrake * : half an ounce of camphor being dissolv¬ 
ed in a quart of oil of turpentine, and a piece of copal the 
size of a large w'alnut being reduced to coarse powder, 
and put into it, in a tin bottle capable of holding two 
quarts, having a long neck, with a co;>k fitted to 4he 
mouth, in which there is a notch or small hole to allow 
of the escape of the vapour when the oil is volatilized by 
heat. The heat is applied so as to make the oil boil quick¬ 
ly, and it is kept boiling gently for about an hour, when 
so much of the copal will be dissolved as to form a pro¬ 
per varnish. Mr Sheldrake likewise found, that copal 
might be dissolved in oil of turpentine by the medium of 
ammonia \ ; but he prefers the copal. Spirit varnishes 
are prepared from resins dissolved in alkohol. Those 
usually employed are mastich, sandarach, lac, and copal ; 
and some of these are frequently mixed. A colourless 
varnish is obtained, by dissolving masticli or sandarach ei¬ 
ther alone or mixed in alkohol; a portion of turpentine 
being often added, to render the varnish less brittle. The 
solution of copal, however, is preferable, as being perfect¬ 
ly colourless : but there is with regard to it the same cliffi- 
cttlty of dissolving it in alkohol as in essential oils; and 
to promote its solution, camphor is in this case also the 
best medium. The recipe for this varnish lus been thus 
given by Mr Sheldrake : “ Dissolve half an ounce of cam¬ 
phor in a pint of alkohol; put it in a circulating glass, and 

* Nicholson’s Journal, 8vo, vol. i't. p. l.'JT- 

f Ibid. p. 15 ‘ 1 , 
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add four ounces of copal in small pieces i set it in a sand 
^heat, so regulated, that the bubbles may be counted as 
they rise from the bottom ; and continue the same heat 
till the solution is completed Lac forms a varnish 
which is always coloured, and is hence used only in those 
cases where the colour is of no importance, or is even of 
advantage, as iit lackering brass, or in laying on a colour¬ 
ed ground. The following recipe has been given for a 
varnish for this purpose : “ Dissolve two ounces of very 
pure and fine gum-lac in 48 ounces of alkohol, and place 
the solution in a sand-bath exposed to a moderate heat. 

I 

To prevent the too abundant evaporation of the spirit of 
wine, as well as the bursting of the glass, a piece of blad¬ 
der ought to be bound over the latter, and a few holes 
made in it with a needle. In another glass dissolve, in 
the same quantity of spirit of wine, an ounce of dragon’s 
blood in grains. When both the solutions are complet¬ 
ed, mix them together; then put three grains of yellow 
wood into it, and suffer it to remain there twelve hours 
in a moderate heat: after which, strain the liquor through 
filtering paper f 

From the combination of lac with what is named Ve¬ 
nice Turpentine, sealing wax is formed. Four parts of 
luc are said to be melted with two of turpentine, and two 
of resin ; and the composition is coloured red by the addi¬ 
tion of one part of cinnabar and one of red lead, or black, 
by the addition of lamp-black. 


• Nicholson’s Journal, 4to, vol. iii. p. 447. 
f Philosophical Magazine, vol. xi. p. 148. 
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There exists in many vegetables, a natural and intimate 
combination «f resin with gum, forming what has bcen^ 
named Gum Resin, and which some have classed as a 
distinct proximate principle. The proximate principles 
of vegetables, however, are those substances formed im¬ 
mediately from the combination of the ultimate elements; 
they are specific and determinate in their composition i 
and native mixtures, or combinations of them with each 
other, cannot be placed as distinct principles, though such 
substances may be entitled to some notice, as articles oi 
natural history, or as of importance in medicine or the 
arts, 

A number of medicinal substances are gum resins,— 
such are aloes, ammonia, assafoetida, cuphorbium, gal- 
banum, gamboge, myrrh, sagapenum, and scammoiiy. 
They are all solid, generally brittle and opaque ^ they 
have frequently a strong smell, and a pungent or bitter 
taste. They appear to consist of various proportions of 
resin and gum j the gummy matter predominating in 
some, as in aloes; the resinous in others, as in myrrh. 
Their properties are derived from those of the two im¬ 
mediate principles of which they consist. Thus they are 
only partially soluble in alkohol or in water j the former 
dissolving principally the resin, the latter principally the 
gum : but in each case, part of the one principle appears 
also to be dissolved by the medium of the other ; probably 
in consequence of their mutual afBnity. They arc almost 
all entirely soluble in diluted alkohol, consisting of equal 
parts of alkohol and water ; and many of the tinctures of 
the shops, are solutions of this kind. By trituration with 
water, they generally form milky mixtures; the resin be- 
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ing suspended by the medium of the gum: and on stand- 
r ing, a great part of the resin is deposited. »*According to 
Hatchet’s experiments, these substances, at least those of 
them which he tried, are soluble in alkaline liquors : the 

changes they suffer from the acids, are not precisely the 

( 

same as the resins; they are decomposed, but they ap¬ 
pear to be less susceptible of affording artificial tanin ; a 
number of them not affording it from the action either of 
sulphuric or nitric acid, and others giving only small quan¬ 
tities. This is probably owing to the predominance, of 
gum, or of a matter analogous to it, in their composition 
as this principle appears from Hatchet’s experiments, to be 
less easily convertible into tanin than resin is: it affFords ra¬ 
ther oxalic acid : and Fourcroy has remarked, that this acid 
is produced by the action of nitric acid on gum resins. 

The gum resins are not fusible, but when heated soften, 
and, if the heat is raised sufficiently high, are decomposed. 
It has been observed, that in destructive distillation they af¬ 
ford ammonia, with the usual products of vegetable matter. 

The consideration of the different gum resins, belongs 
rather to materia medica or pharmacy, than to chemistry. 
The medicinal powers of many vegetables, appear to de¬ 
pend on such combinations. 


Guaiac, a substance obtained by spontaneous exudation 
from the Guaiacum officinale, has been usually considered 
as a gum resin,containing a large proportionof resin. From 
Mr Brande’s experiments *, however, it appears to possess 


* Philosophical Transactions, 18CWj. 
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some chemical properties, indicating a peculiarity of com¬ 
position, difFcflrent from that either of resin, gum resin, or, 
any of the analogous vegetable principles. 

Guaiac is concrete, brittle, and resinous in its appear¬ 
ance ; it is of a grey colour, but has externally a greenish 
colour; this it assumes from the action of the air : for its 
powder, which is at first grey, gradually becomes green¬ 
ish, from exposure : it also assumes the same colour when 
confined in oxygen gas : and this property of changing its 
colpur, is one character which discriminates it from the 
resins. When digested in distilled water with a mode- 
rate heat, a small portion is dissolved, which^ from Mr 
Brande’s experiments, appears to be extractive matter, 
with a little lime. Alkohol dissolves it with facility, leav¬ 
ing a little foreign matter, not exceeding 5 parts in 100, 
undissolved. This solution is rendered milky by water ; 
and it is decomposed by different acids, with phenomena 
that are peculiar. Muriatic acid throws down an ash 
coloured precipitate Liquid oxymuriatic acid, one of a 
very beautiful pale blue. Sulphuric acid, when not add¬ 
ed in too large .a quantity, separates the resin of a pale 
green colour. Nitric acid, diluted with onc-fourth its 
weight of water, causes no precipitate until -after some 
hdurs. The liquid at first assumes a green colour, and 
if water be added, a green precipitate may be obtained: 
the green colour soon changes to blue, when, by the same 
means, a blue precipitate may be obtained; it then be¬ 
comes brown, and a brown precipitate spontaneously 
makes its appearance. Acetic ilcid does not form any 
precipitate : and it has already been observed, that thif 
acid is generally a solvent cf resinous ma’-ter- 
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The changes of colour in the solution of guaiac in alko- 
^ hol| by nitric and oxymuriatic acids, are peculiar to it, 
and arc highly distinctive; they appear to be connected 
with changes of oxygenizement, to which this principle 
seems liable, and which are marked in it by change of 
colour. 

The acids in^dircctly acting on guaiac, likewise exhibit 
some peculiar phenomena. Muriatic acid dissolves a small 
portion, the solution assuming a deep brown colour: but 
if heat be applied, the resin melts, and this prevents.its 
further solution. Sulphuric acid forms with it a deep red 

I 

liquid, which, when fresh prepared, deposites a lilac co¬ 
loured precipitate on the addition of water: if heat be 
applied, the resin is decomposed and charred. Nitric 
acid exerts a more powerful action on guaiac, than on any 
of the resins ; even in the cold the powder assumes a dark 
green colour : there is a violent eflervescence from the 
emission of nitric oxide gas, and the whole is dissolved, 
'fhis solution, when recent, gives a brow'ii precipitate 
with the alkalis : after it has stood for some hours undis¬ 
turbed, it deposites a considerable proportion of oxalic 
acid. When the guaiac is treated with diluted nitric acid, 
the results are somewhat different; a slight effervescence 
takes place, part of the resin is dissolved, and the remain¬ 
der is converted into a brown substance, resembling the 
precipitate from the solution in alkohol. This brown 
substance, Mr Brande supposes, is guaiac altered by oxy¬ 
gen, being the last result of the oxygenizement of the 
guaiac. It possesses the properties of resin in greater per¬ 
fection than the original, is soluble in alkohol, and also in 
ether, which guaiac is very sparingly ; it is also insoluble 
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in water. If fresh portions of nitric acid be added to it 
three or foucttimes successively, it loses these properties ; 
becomes equally soluble in water and alkohol, and ac¬ 
quires an astringent bitter taste, forming probably one of 
the varieties of artihcial tannin. 

Guaiac is soluble in the pure alkalis, and in the alkaline 
carbonates, forming grecnisl^ brown liquids. Fromjthe 
solvent powers which they thus exert on it, they do not 
precipitate it from its solution in alkohol. 

Subjected to destructive distillation, it gave an acidula¬ 
ted water, a thick brown oil, a thin cmpyrcumatic oil 
charcoal remaining in'the retort, and gases consisting 
chiefly of carbonic acid and carburetted hydrogen being 
extricated. Tlie charcoal amounted to 30.J grains from 
100, and yielded, on incineration, 3 grains of lime. 

It follows, from this account of the properties of guaiac, 
that although it possesses many properties in common with 
resinous bodies, it differs from them in ethers; particu¬ 
larly in affording extracfiive matter ; in the singular altera¬ 
tions which it sufl'ers when subjected to the action of bo¬ 
dies which readily communicate oxygen; in being cap.> 
ble, by oxygenizement, of being converted into a mor^ 
perfect resin ; in yiekling oxalic acid, when treated by 
nkric acid ; and, in the large quantity of charcoal and 
lime which it yields on destructive distillation,—differen¬ 
ces which, as the chemist who has investigated these pro¬ 
perties remarks, probably arise from certain peculiarities 
in the proportions and chemical combination (?f its con ■ 
stituent elementary principles. 
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The substances which have been named Balsams, con* 
^slst principally of resin, with which are unked a quanti¬ 
ty of the peculiar vegetable acid named Benzoic, and in 
some of them a portion of essential oil. The same re¬ 
mark applies to them as to the gum resins,—that they 
cannot properly be regarded as constituting a distinct 
pro^timate principle of vegatables, since they are simply 
a mixture or combination of other known principles. 
Some chemists indeed have supposed, that the benzoic 
acid which they afford, is not previously contained.in 
them, but is actually formed in the process by which it is 

4 

extracted. This opinion was advanced by Gren, and ap¬ 
pears to be also adopted by Mr Hatchet, from his experi¬ 
ments on its production, when the balsams were acted on by 
sulphuric acid. But the various processes by which it is 
procured, are unfavourable to this opinion. It is sepa¬ 
rated from the balsams by the application of heat, by boil¬ 
ing them with water, or with alkaline solutions, or digest¬ 
ing them with acids ; and it is not very probable, that 
agents so very didercnt in their chemical actions, should, 
in this particular instance, give rise to the formation of 
precisely the same product. The action of some of them 
too, appears not sufficiently energetic, to be capable of 
producing such an effect. The heat that requires to be 
applied to volatilize the acid from the balsams, is extreme¬ 
ly moderate; and we have no example in which water, 
by any affinity it exerts, causes the formation of a new 
principle. It appears therefore more probable, from these 
considerations, that this acid pre-exists in the balsams, and 
that it is extracted, not formed, by the processes by which 
it is obtained : that of course they do not constitute an 
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immediate principle of vegetable matter, but are combina¬ 
tions of others. 

Their chemical projicrties are derived from the princi¬ 
ples of which they consist: when exposed to heat, they 

melt like the resins, and at the same time they exhale a 

* 

fragrant and acrid vapour, which is the benzoic acid, and 
which may be easily condensed in needle-like crystals. 
If lieated more strongly, a portion of oily matter is vola- 
tili/.et!: subjected to destructive distillation, they afford, 
besides benzoic acid, products similar to those from the 
re.sins : when heated in the open air, they inflame. 

They arc insoluble in water j but by digestion with it, 
a portion of benzoic acid is dissolved, which, as was long 
ago discovered by Geoffroy, may be obtained, by evapora¬ 
tion and cooling, crystallized. According to I'ourcroy, 
their powder, when merely mixed with the vegetable co¬ 
lours diffused in water, reddens them,—a proof of the 
presence of free acid. Wlten distilled with water, a small 
<]uantity of essential oil is obtained from the greater num¬ 
ber of them. 

They are perfectly soluble in alkohol, any impurities ex¬ 
cepted ; and tlte solution is decomposed by tiie affusion of 
water, the resinous matter being precipitated. It is also 
decomposed by some of the acids. They are likewise so¬ 
luble in ether, and in the volatile oils, and arc softened by 
the action of camphor. 

The action of the alkalis on tl'.e balsams, is similar to 
their action on the resins,—dissolving them and forming 
brown solutions. The alkali at the same time combines 
with the benzoic acid; and if the solution has been dilute, 
vO as to prevent the solution of die resinous matter, thr 
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filtrated liquid has not much colour, and on saturating the 
*alkali with an acid, benzoic acid is obtainedj* The action 
of lime, by the medium of water, is similar. 

The stronger acids, particularly the sulphuric and ni¬ 
tric acids, when digested on the balsams, caused, in Mr 

I 

Hatchet’s experiments, a formation of tannin, in the same 
manner as the same acids do from the resins. There was 
also, in some cases, a formation of prussic acid ; and ben¬ 
zoic acid was always obtained by sublimation or distilla¬ 
tion from the mixture. 'I’liis acid, it will afterwards ap¬ 
pear, is not decomposed by sulphuric or nitric acids j 
and hence its appearance in this process, supposing it to 
pre-exist in the balsams. Acetic acid when heated, dis¬ 
solves some of the balsams, as benzoin, as Mr Brande 
found, in his experiments on this substance * : it retains 
the resin in solution, but as it cools, allows the benzole 
acid to precipitate. 

All the balsams are odorous, and pungent. Some of 
them, as benzoin, are solid j others are fluid, but thick ; 
and these by age likewise become solid : they exude from 
the vegetables which produce them, either spontaneoui>ly 
or from incisions made in the bark. The principal sub¬ 
stances of this class, are Opobalsam, or Balsam of Gilead, 
the produce of the Amyris Gileadensis ; Balsam of Pt'ru, 
from the hlyroxolon Peruiferum ; Balsam of Tolu, from 
the Toluifera Balsamum ; Benzoin, from the Styrax ben- 
zoinuni *, and Storax, from the Styrax ofilcinale. They 
are used sometimes in the practice of medicine, and their 


* Nicholson’s Journal, vol. i;. p. SL 
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individual history belongs to the materia medica. Their 
chemical pr(^j)erties are very nearly the sane. 


Sl'C r. XU I. 


EXTRAC/r, OR EXTRACTIVE MATTER. 


J'he name of T:.‘ir.ict has, in the language of pharma¬ 
cy, been appropriated to a preparation in which vegeta- 

# 

ble juices, or the watery dccociions of vegetable substan¬ 
ces, are reduced by evaporation to a thick consistence. 
From the nature of this process, it is evident, that the pro¬ 
duct may consist of different principles, of gum, sugar, 
tannin, saline matter, and indeed of all those soluble in 
water, and that, as obtained from differctU plants, it may 
he very clilTercnt. Preparations of this kind being much 
used in the medical practice cf France, have always engag¬ 
ed the attention of the Frcn.ch chemists, ami they were ac- 
customed to arrange them under certain divisions. 'Thus, 
Rouelle di ,tingui:.hovl three principal kimls; wiiat he 
named Mucilaginous extracts, soluble ui water, in vvhlcli 
gum, or miicdagc predominates j Reoinoua extracts, in 
which the pri.parties dent;te tlio presence of n‘'^in, ami 
which are hence more especially soluble in alkohol ; and 
Sapojiaceoi'.a extracts, which are soluble both in W'atcr and 
alkoliol. A ilhlVrent view, h.owever, has been since taken 
of this subject : it .has been conceived, lliat though in 
th ese prcpwraTIons llacre may be an intcmi.xture of difler- 
ent pviiu iples, yet t!^crj is one whicli f-'tms their 
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and which constitutes a peculiar vegetable principle, dis« 
•tinct from* any'other. It is to denote this, that the name 
Extract, or Extractive Matter is now applied. 

This view of the nature of this principle, has been prin* 
cipally given by Fourcroy and Vauquelin, in the course of 
their analysis of different vegetables : by the former par- 
ticdlarly, in his*analysis of the cinchona of St Domingo*, 
and by the latter, in his analysis of the sap of the elm, 
beech, chesnut, and other trees f; and it is from their re¬ 
searches, that the history of this princ'ple is chiefly to be de¬ 
rived. Hermbstaedt has also stated some facts with regard 
to it. There is still, however, as I shall have to remark 
in concluding its history, a considerable degree of obscu¬ 
rity and doubt as to the nature of this matter ; whether 
it can properly be regarded as a well-defined proximate 
principle, uniform in its composition and properties ; or 
whether it may not be a mixture or combination of some 
of the other known principles of plants. The term Ex¬ 
tract, which has been applied to it considering it as a dis¬ 
tinct principle, is ambiguous, from the other signification 
which has been attached to it, and under which, in the 
language of pharmacy, it is still understood. Were the 
existence of this principle fully established, the name of 
Extractin might perhaps be given to it, and would be free 
from all ambiguity. 

Extractive matter, according to Fourcroy, exists in dif¬ 
ferent parts of plants, but more particularly in the green 
and brown solid parts, as in the leaves, bark, and wood : 

* Annalcs dc Cliimie, tom. viii. £<. is. 

Ibid. tom. XXxi. 



EXTRACT. 


261 


y 


it is also often naturally dissolved in their juices. When 
it exists in the solid parts, it is best obu^ined^by boiling 
the solid r^atter repeatedly in wa%r, and evaporating the 
strained decoction : when dissolved in tb^ juice, it is ob¬ 
tained by evaporating this to a solid ^orm, by a gentle 
heat. In eitli^er case, however, it is obvious, that it may, 
and indeed ge^rally will be, mixed with other principles: 
there is no process by which these can be separated, so 
that we are certain of obtaining it pure: and hence its 
piaoperties are rathei^discovered, cither from examining ir 
as afforded by some vegetables with little intermixture, or 
from the effects re-agents produce upon the juices or de¬ 
coctions containing it, and which cannot be supposed tf* 
arise from the operation of these on other known princi- 
pies. 

Extractive matter is soluble in water, but it gradually 
becomes insoluble from exposure to the air. According 
to Vauquelin, the juices which naturally contain it, aro 
colourless as they issue from the plant, but they soon as¬ 
sume a yellow or brown colour, from the action of the 
air and light. If evaporated, a brown or reddish pellicle 
forms on their surface, which breaks and subsides, the 
dissolved matter becoming insoluble ; and when the whole 
is'reduced by e'vaporatioii to a thick consistence, on at¬ 
tempting to dissolve this in water, a portion always re¬ 
mains undissolved. Fourcroy has observed too, that if 
the decoction of a vegetable which affords extract, be fil¬ 
tered, so as to be perfectly transparent^ by merely conti¬ 
nuing the decoction, it becomes turbid, and a great part 
of it is^fftfipitated from the water, in a state in which it is 
no 1/nger soluble : tlK,longer the boiling is continued, and 

I V ^ s 
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the more freeJy the liquor is exposed to the air, the more 
insoluble «*'iattf(r, he adds, is formed j and by continuing 
the successive solutions and evaporations, tl>[ whole of 
the soluble extract may at length be brought into this 
state. S 

« 

This change he ascribes to the absorptir.n of oxygen : 
and'this is one priii-lpal property chaia(i\eri-tic of this 
principle,— that it is soluble in w.iler, b’,t when in solu¬ 
tion, and at a high temperature, it abso*os oxygen and be¬ 
comes insoluble, and at the«sainc time.toinparaiively insipul 
and inert. The injury w'hich niap^r medicinal plants sus¬ 
tain from boiling, has been ascribed by Fourcroy to this 
cause, and not tc; the dissipation of any active volatile prin¬ 
ciple, as had fornictly bt-cn supposed ; and indeed from 
nranv of tlicm which are li jured by this operation, no 
sucl; principle cari be obtained, when the operation is per¬ 
formed, so as to collect the products. 

Theodore Saussure lias observed, tliat Fourcroy, in as¬ 
cribing those change.s to oNygenir^cment, does not afTirm 
that he had submitted the insoluble matter to analysis, or 
the air, in contact with which the liquid bad been boiled, 
to any eudiomctilc trial. Tie therefore placed, under bot¬ 
tles full of atmospheric air, and closed by quicksilver, cap¬ 
sules containing solutions of the extractive matter of cin¬ 
chona, oak wood, and different moulds : after some days, 
he found precipitates had formed in these solutions, and 
the air had, at the sante time, suffered a i-mall diminution 
of volume. Submitted to eiidiometric examination, it 
was found to have lost its oxygen, which was replaced by 
u quantity of carbonic acM gas, not equal TrT voi‘’me to 
tlic oxv^cn that liad been consumed part of tliis acid ' av- 
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ing been absorbed by the water of tlj^-^SHSt^ons; hence, 
•wls^ previously saturated with carbon j a^d gas, thp 
quant:^ «lf carbonic acid formed under tncip^xposure to 
atmosphere air, was exactly equal to th^p^^antiiy of oxy- 
jjen^at disappeared. He further foand reason to con¬ 
clude, that iiVthus losing part of then: carbon, by the ac¬ 
tion of oxygcu, they lose still morc^f their oxygen and 
hydrogen, by tVjse principles entering into binary combi¬ 
nations and forimng water, ai^l that hence the residual 
igsoluble matter 1^ an enlarged proportion of carbon, 
and is not merely, asN^ufl^roy had inferred, extract oxy¬ 
genized"^. 

Extractive matter is soluble in alkohol, as is evident 


from its being abstracted by this fluid from vegetable mat¬ 
ter, in which it exists •, and this solution is not decompos¬ 
ed by the affusion of water. This property of equal so¬ 
lubility in water and in alliobol is very well shown in 
some vegetables, as, for example, in salTron, which yields 
a large portion of matter to both these fluids, the solution 
in either not being altered by the addition of the other. 
This may therefore be regarded as another characteristic 
property of extract, and as serving very well to dictinguish 
it from gum, resin, or any mixture or combination of 
these 5 gum being soluble in water, and not in alkohol,— 
resin in alkohol, not in water. Gum resin is indeed part¬ 
ly soluble in cither of these fluids, but it never is entirely 
so; since, if it contain so much gum as to be soluble in 
water, it is very partially dissolved by alkohol; or, if it 
contain so much resin as to be soluble in alkohol, it ii: 
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then imperfpt’.^.vd>ssolved by water. And if a gum resin 
J;)e digeste^, eitijer >^,th water or alkohol aloi:e> the 
tion it afTc-^ds with ;ne one fluid is dccompc cd^^oy the 
other. . f 

According to sc ne chemsitS) extractive mav'er is 1 1 solu¬ 
ble in ether. Thisj if the observation be j/st, would af¬ 
ford a very charactei’^stic property of this pi.nciplo, I have 
found, however, that s»il[phuric ether disf^ilvcs very readi¬ 
ly the colouring matter .jof saffron, w^iich Hermbstaedt 
gives as an example of p,'Te extraej^^ and which appeajrs 
to be so. a" 


Oxymuriatic acid, poured into a solution of extractive 
matter, converts it immediately into a concrete substance 
of a deep yellow colour, insoluble in water, but soluble 
in alkohol, and in the alkalis If cloth be steeped in 
oxymuriatic acid, and then immersed in ,a solution of ex¬ 
tract, the oxygen is transferred from the acid to the ex¬ 
tract, w'hich is then deposited on the cloth, and adheres 
to the vegetable fibre. It was by the action of oxymuri¬ 
atic acid, that Vauquelin precipitated the extractive mat¬ 
ter from the vegetable juices which he examined. 

This principle has an attraction to argil, and to metal¬ 
lic oxides, as appears from Vauquelin*s experiments. If to 
a solution of it in water there be added a solution of aluih, 
of which the excess of acid has been previously saturated, 
on boiling them for a short time, an abundant flocculent 
precipitate is formed, composed of the extract in combin¬ 
ation with tile argil of the alum ; and the solution at the 
nine time is nearly deprived of its colour. If cotton or 


* T'ourcrov. Annales de Chirnie. vi. n. ISO. 
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thread impregnated with a solution be macerat- 

a solution of extract, and boildo inV* tV^e vegetable 
fibre ^dlnes tinged of a yellowisA brown ^our, from 
the exti^Vve matter being fixed in k ^flie medium of 
the^kfm ; in this way the solutioaf may at length be 
deprived of Ijearly all its dissolved r/atter, and the cloth 
dyed. Many W the metallic salts ^ave» a similar effect. 
The solution o^muriate of tin, iu^articular, forms in the 
solution of extrab^ a very abuntjpnt flaky precipitate, of a 
hfowii colour, cot\istlng of ^is principle, more or less 
oxygenized, in combi’^tiorf with the oxide of tin. 

Extractive matter, in a humid state, gradually suffers 
decomposition. When its- watery solution is kept for 
some time, it becomes turbid, deposites abundant mucous 
flakes, becomes mouldy at the surface, yields ammonia, 
and, when the putrefaction is complete, leaves, as the fix¬ 
ed products, carbonates of potassa and lime. 

When subjected to destructive distillation, it affords an 
acid in part saturated with ammonia. 

Such are the characters assigned to this principle ; the 
most distinctive of which are, its equal solubility in water 
and alkohol; its great susceptibility of oxygenizement, 
and forming, when it has undergone that change, an in¬ 
soluble matter, approaching to the nature of resin ; and 
its affinity for argil and metallic oxides. It is aitorded by 
many vegetables, and in very different quantities, and per¬ 
haps also of variable purity. Saffron has been given as an 
example of a vegetable matter containing a large propor¬ 
tion of it, and that nearly pure ; 16 ounces of it affording, 
it is itTounccs of extract, the remi.inlng parts be- 

in^ principally ligi^ous fibre. Other medirlnal plant-*. 
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contain It, ^ ^.elTicacy of many of their infusions and 
^inctures lyks bjben s'ppposcd to depend on it.» Valerlfii ’S 
said to affttxd it' in asiarge a quantity as saffron. Kt^IJlsts in 
gentian, senna, ipcjacuan, and a number ofii 
roots. Opium aqr.d Peruvian bark contairyra 
which so far has th? characters of extract,/phat it is pre- 
cipij:atcd and reside>§jd inert when boiled /m water, with 
the contact of the air. is contained als^l very generally 
in the juices of plants, Stained cithe^from incisions of 
the growing plant, or fro^s cxpressl^ of their succulent 
parts. 

I must observe, however, that the characters of this 
principle, as obtained from different vegetables, are by no 
means uniform, and that sometimes it approaches in its 
properties to other known principles. Thus, the active 
matter of Peruvian bark has one of the characters of ex¬ 
tract, that of absorbing oxygen when in a humid state, or 
when boiled in water. But at the same time it approach¬ 
es in other characters to a resin, as it is more soluble in 
alkohol than in water. The case is tlie same with the ex¬ 
tractive matter of opium, wdiile, in other vegetables, the 
reverse sometimes obtains ; thus, the extractive matter of 
gentian appears to be more soluble in water than in alko¬ 
hol. 

Nor are the characters which have been assigned to this 
principle so distinctive, but that perhaps they may be pre¬ 
sented by other vegetable principles in certain slates of 
mixture or combination ; and it is in such states that it has 
usually been obtained. Thus, in the juices of plants sub¬ 
mitted to examination by Vauquelin, and irTwrTTCii-^lie ex¬ 
tractive principle is supposed to be.vi^ntaincd, he always 


^ves and 
pHfUciple 
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found considerable proportions of particu- 

-■KSf, of frea^acetic acid, and of the efetiten o/A'^of^ssa ami 
lime. Aj’/pse might so far modify t\e prineij^s existing 
in the as to disguise their profl^r^C'S ; acetic acid, 

for ^4rtiTnplc\would render a portion "n resinous matter 
soluble in w\cr. Hence the peculi/r properties which 
the vegetable \iatter in lliese juices-rlid ^irescut might a- 
lise from these^imodil-icatious, tr..im the presenc'* 


of any peculiar p'''ncipk' to vvhf:ii they bi h nged. Fr )i:i 
this, the solubility^in water <J. principles otherwise tiot 
soluble might criginaiVi a7ul the properties of absoibij;g 
ow'jcn, or exertinti idlhiities to ccrt iln earths or metallic 
oxides, are in some measure posbes^od by vav'cus vegot - 
ble p»'{-ximate principles ; tlu y may b .* exerted more rea¬ 
dily by th.em in sucli a st de oi iuti rntixti-'and can 
scarcely, therefore, be regaided as distinctive Oi cMr.ct. 

From tlieso corisideratit ns, th-eie .rM'e,na- s 'roe rcabOJi 
to doubt of the e\i;rente, a.s a tiiitie.ci w.w .‘c princi¬ 
ple, of the m nd.cr Lo wi.iul. the :ia.mc o.' exT'/n.t li.i'r. been 


riven. 


* Tut lixtr.icts winch arc prepared in pharmacy, ciilicr 
by inspissating cxprcssetl vcgele.ble juicer, or boiling ve¬ 
getable matter in water, and evaporating tl.o decocticn to 
a thick consistence, arc verv various in tlnlr composition. 
Those prepared by the latter process may contain muci¬ 
lage, saccharine matter, tannin, and a portion of resin. Tire 
inspisu.a't'cTi luic'es, besides these, may also be in part com- 
pc/.ed of the veget^le acids, and of other saline matters ; 
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and, from appear always to contain acetites 

potassa,^Aim^, an^mmoiiia, often free acetic acid,iirsd 
sometimcs-<^u1p‘hate ^nd muriate of potassa, at|i ^Aphate 
of lime. They *'(isjJ?illy redden infusion of litp4^, exhale 
vapours of acetic^Kid, when acted on by suV^ui’^v^lpid, 
and give a smell ot> ammonia when mixed itith lime. As 
obtained from differv^t plants, these prepa^iations must no 
doubt vary in their coi?.position. They appear also to be 
very liable to decomposit’om on keepinpfj and the powers 
of the substances from wh,’ch they ayt' prepared are oftwi 
injured by the decoction or ilispi^tion ; hence they are 
now little used in medical practice. 


Si^CT. XIV 


TANNIN. 


A NUMBER of vegetable substances, some of them in¬ 
spissated exuded juices, others barks, or leaves, had re¬ 
ceived the name of Astringents, as possessed of the com¬ 
mon property of astringency, characterized by the power 
of corrugating the animal fibre. They had been, from 
this property, employed in medicine; and the more 
powerful of them were used in the operation of tanning. 
From some chemical phenomena which they exhibit, it 
appeared, that they contain a common principle to which 
this quality is owing ; since, even where It in a 

very slight degree, it is capable of JCSfing discoverccKjjsy 
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chemical tests. If to the watery or infusion of 

of thes"® vegetable astringents, a»Aew^lro^^ of the soj 


lution^of Ihe sulphate, or any of tl^ oth4r sf^s of iron, 
be adde^,ia colour is produced mof ( oj less deep, of a 
blue^j-/pui^’'le tinge, approaching somtiiimes to black. In 
those vegetaJfles which have no astri^gency, no such ef¬ 
fect is produc'-d, while, in those poF^cssed of this proper¬ 
ty, the deepnei i> of the colour is^^’./ some measure propor¬ 
tioned to the deg'ee in which belongs to them. 

, It appeared to follow, from^hese facts, that the proper¬ 
ty of astringency in vj^^etables must depend on a distinct 
principle, contained in greater or less quantity in the dif¬ 
ferent astringents. The investigation of this accordingly 
engaged the attention of chemists. The Dijon Academi¬ 
cians observed, that the astringent principle appeared to 
have some of the properties of an acid : And at length 
Scheele discovered, that an acid of a peculiar nature ex¬ 
isted in the excrescence which forms on the branches of 


the oak, known by the name of the Gall Nut, which is 
one of the most powerful of the vegetable astringents, 
and might be obtaiiied from it perfectly pure. This acid, 
named the Gallic, from the substance from which it is ex¬ 


tracted, has the property of giving a purple colour to the 
salts of iron : it exists in all the pow'crful astlingents; 
and being thus apparently connected intimately with the 
property of astringency, it was regarded as the astringent 
principle. 

To this conclusion, however, Bcrthollct many years 
ago stated some very valid objections. He observed, that 
a soh'tion ot the gallic acid, reduced to as great a degree 
of purity as possit>',?, added to a solution of sulphate of 
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iron, docs nW^H^pducc any black colour or precipitate 
immediately^ buv ony by degrees, and after s^'me 
while a srl'^li ejuanti^ of the infusion of galll in^ia'ntly 
produces a much njjirc intense colour, and gre/»tfer opaci¬ 
ty. He farther f^nd, that by two succcssiv^ dec^<n^8 
of galls ill water, tIL' acid is extracted from^Wiem, so that 
the Ihjuors r'bt.iiiicd\hy a third or fourth dtj^'oerion do not 
redden litmus p.'per, afford any galli^’acid by evapo¬ 
ration, and yet tlipy still Vrcclpit:ite irr^* copiously from 
its soluti'in;',. Tlicre wcro\^ven somcy.nd.o ei galls, tho^p 
of a wliiie colour, as well as stJrfie o^r .'.iroog astringents, 
as sumach, walnut-tree b.rrk, wlilch contained no sen¬ 


sible quantity of g.dlic acid; yet these readily produce 
the black colour. And, lastly, the pure gallic acid has no 
sensible corrugating power, and scarcely any even of the 
peculiar astringent or styptic taste, but is merely sour 

These fact*! appeared to lead to the conclusion, that 
although the gallic acid might bo contained in the vege¬ 
table aGtiingcnts, it couivl luit bo considered as the prin¬ 
ciple of astiingcncy, but tliat this property must depend 
on some other principle, or on some modification of com¬ 
position. 

Deyeux, in his an.alysis of the gall nut-j, found, that, 
besides the gallic acid, it contained a portion of extractivfc- 
matter, and of what he considered as a particular kind of 
resin, or substance approaching at least to rcbiii in some 
of its propel lies ; that these aie in a state of combination 
so as to be always extracted, either by water or alkohol; 
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and the astringent property he conceived' '’rl^es from this 
coiTjbinatio:,), and not from any of th-se principles alone.^ 
{?ng^h Seguin, in the course ‘ ;f some e^eriments 
on the tanning *, established n ore clearly the ex¬ 

istence of a ^principle in the vegetable .stringents, differ¬ 
ent from tho^gallic acid, and on whi(,n the astringent or 
corrugating q'lality seems more prcubarly to depend. 
From being tliO- agent that is pcc^’harly concerned in the 
process of tannin'^, it has receli^cd the name of Tan, or 
Tannin ; and its prc>pertles are,,jnqucstionably sufficiently 
appropriate to charact.. j;ize<v as a distinct principle. Proust, 
D-vy, and Hatcliet, have by their researches extended our 
knowledge of its chemical relations : the two first have 
principally investigated its properties, and the last chemist 
has, by a very extensive series of experiments, established 
the singular fact of its artificial formation. 

Tills principle does not appear to be secreted pure by 
vegetables, or deposited in any of theiT parts in an insula¬ 
ted state. It requires to be extracted by certain proces¬ 
ses, and, as obtained by these, is frequently mixed or com¬ 
bined with other principles. It is contained in large pro¬ 
portion In the gall nut and in calc bark, sumach, and se¬ 
veral other barks *, and the inspissated juice of the Mi- 
nvosa catechu, the catechu or terra japon'tca of the shops, 
consists principally of it in combination with extractive 
matter. 

If oak bark be macerated in water, .the tannin and the 
gallic acid which are combined in it with the ligneous fi¬ 
bre, arc dissolved, forming a liquor of a dark browj-ii co- 


' y'lr-aak.s de Chirnie, tom, xx, p. 38. 
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lour and a tivtt^ry^acerb taste. If to this solution, freed 
by filtration from a\^y undissolved matter, ^.solutioi^, of 
the animjl^ principi^ denominated Gelatin, of U 

singlass or glue ar^ examples, be added, a tlmk iloccu- 
lent precipitate oV magma is formed, whicly subsides to 
the bottom; the liquor above contains the gallic acid, an( 
any .mucilage oi^ extractive matter which ^nay have been 
dissolved from the bSrJc. A similar appearance results 
from the infusion of galls treated in the same maimer. 

This is the original eii^^priment of Seguin, by which 
he demonstrated the existence-of p principle in the iiifu- 
sions of these astringents, the characteristic property of 
which is, forming with animal gelatin an insoluble com¬ 
pound, and in consequence of which property it can be 
withdrawn from other principles with which it is combin¬ 
ed. 


It is obvious, however, that by such a process we do 
not obtain this principle pure, and that some additional 
steps are requisite to separate it from the gelatin with 
which it has combined ; or that some other method must 
be followed to obtain it in an insulated state. DiiTerent 
processes have been proposed for this purpose. 

The first was proposed by Proust. It consisted in 
pouring a solution of muriate of tin into a decoction of 
galls: an abundant yellowish precipitate forms, which 
consists of the tannin in combination with oxide of tin : 
to separate the latter, the precipitate, after having been 
\vashed, is to be difiused in water, through which a cur¬ 
rent of sulphuretted hydrogen is to be passed : the sul¬ 
phuretted oxide falls down, and the pur^aniiing princi- 
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pie remains in solution in the water This process is 
Inwcver ei^eptionable. Proust himself has since remark-^* 
cd that tne muriatic acid retains a portion of the com- 
-pound of tannin and oxide of tin in solution, so diat all 
the tannin is not procured ; and even what is obtained is 
not pure, as the muriate of tin precipitates likewise the ex¬ 
tractive matter contained in the vegetable*infusion. * 

Another process which he afterwards proposed, is to 
pour a solution of carbonate of potassa into an infusion 
of«galls. A yellowish white cdagulurn is formed, which 
it is only necessary to wash* with a little cold water to ob¬ 
tain tlie tannin, the coagulum being this substance separa¬ 
ted from its solution by the affinity exerted by the alka¬ 
line carbonate to the water in which it was dissolved. 
Care must be taken not to wash it with too much water, 


by which it would be dissolved ; nor with warm water; 
for the same reason a strong infusion of galls must be o- 
perated on. And it is not less essential, that the alkali 
should be saturated with carbonic acid, as the pure alkali 
favours its solution :J:. This process, however, is altoge¬ 
ther inadmissible, as it is not pure tannin that is thus pre¬ 


cipitated. Mr Davy found, that it is not |)OSscssed of the 
properties of that principle : it has not the astringent taste. 


is bfit slightly soluble in cold water, or in alkohol ; and its 


solution acts little on gelatin, until it Is saturated with an 
acid : it appeared, from his experiments, to consist of 


tannin and gallic acid, with carbonates of potassa and 


lime. A similar process has becii more lately proposed 


* Nichokon’fi Journal, 4«to, vol. xx. p. 338. 
f Ibid. 8VO. vol. ii. p. 198. J Ibid. 4to. vol. iv, p. 351. 
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by Bouillon Lagrange,—adding to an infubion of galls a 
solution of crystallized carbonate of ammoiife, as long, as 
there is any precipitation. The precipitate is washed with 
cold water until the water pass off without ^olour: it ic 
then digested in pure alkohol, until the alkohol dleases to 
redden infusion of litmus: the residuum he considers as 
pute tannin*. 'This process seems, however, nearly equaL 
ly liable to objection with the other. 

A third process was proposed by Proust. Dize had 
observed, that, by pouriAg sulphuric or muriatic acid on 
a strong decoction of galls, a considerable deposite is form¬ 
ed. According to Proust, this precipitate consists of the 
tannin in combination with the acid. It is washed with 
cold water ; is dissolved in boiling water : the sulphuric 
acid is saturated by an alkaline carbonate, and the tan¬ 
nin is precipitated. It is washed with cold water f. It 
is still to be questioned, however, if, as obtained in this 
. manner, it can be considered as pure : Mr Davy has re¬ 
marked, that as extractive matter is likewise precipitated 
by these acids, a portion of it may be contained in this 
precipitate ; and, from his. experiments, it appeared also 
to contain a quantity of gallic acid. 

Another method has been proposed by Merat GuUlot. 
It consists in adding, to a solution containing tanViin, 
lime-water : a precipitate is obtained in considerable 

t 

quantity, which appears to consist of the tannin combin¬ 
ed with lime. If it be treated with nitric or muriatic acid 
diluted with water, an effervescence takes place, the acid 
combines with the lime, and a matter so sparingly soluble 


* Annales de Chimie, tom. Ivi. p. 187. 
f Nicholson’s Journal, 4to, vol. iv. p.f352. 
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as to remain on the filtre is obtained, which this chemist 
considered^ pure tannin *. Mr Davy has supposed,that* 
it must contain, besides tannin, some of the extractive 
■•Hiatter of ihe bark, and that it may likewise contain sa¬ 
line matter. It is, however, the simplest process, and 
perhaps even affords purer tannin than the others 5 though 
a process is still wanting by which we can be certaiil of 
obtaining this principle in a state of perfect purity. 

Tannin, in the states in which it has be^n hitherto pro¬ 
cured, may, by evaporation of its solution, be obtained in 
the solid form. It appears'eithcr as a loose powder, ora 
dry friable matter, having a rcbinoub-like fracture. It is of 
a brown colour, or, according to Lagrange, of a white, 
which becomes brown only from exposure to the air; has 
a peculiar smell, and a taste rough and bitter. 

This principle is soluble in water, cither cold or warm. 
Its solution is of a brown colour, and retains the peculiar 
famcll of the tannin. It is generally considered as being 
also soluble in nlkohol; but according to Richter, this is 
only when the alKohol contains some water; for when 
highly rectified, it is scarcely at all soluble in it f. 

Tannin appears, from Seguin's experiments, to be sus¬ 
ceptible of oxygenizement. When its watery solution is 
exposed to the air, Its surface acquires a fine pellicle, 
which becomes thicker the longer the fluid is exposed. If 
it be broken, it is soon renewed, and, from accumulating, 
•it at length precipitates. It is quickly formed by.cxpos- 
Aire to oxygen, or to oxymuriatic acid, so much so, ac- 


* Nicholson’s Journal, 8vo, vol. ii, p. 71. 
f Philosupliical Magazine, vol. xxiii. p, 7.7* 
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cording to Seguin, that, from merely bringing a bottle 
• containing this acid into the vicinity of th!^ infusion of 
tannin, a pellicle is instantly formed, which thickens ra¬ 
pidly, and at length precipitates *. As phenomena some¬ 
what similar arc exhibited, however, by infusions of vege¬ 
tables which contain no tannin, it is not impossible but 
that they may ‘arise from the extractive matter contained 
in the vegetable astringent from which the infusion of 
tannin had been prepared. This appears to be confirm¬ 
ed by the observation made by Seguin himself, that the 
Infusion of tannin may be kept a long time without its 
properties being sensibly altered, and this even though it 
be not carefully secluded from the air. Lagrange, how¬ 
ever, in his late examination of tannin, has affirmed, that 
it is very susceptible of oxygenizement, and that by this 
change it acquires the property of reddening litmus, which 
otherwise does not belong to it. It is very little liable to p^ss 
into a putrid state, and it forms a powerful antiseptic. 

Tannin is thrown down from its solutions by several of 
the acids. Sulphuric acid causes a dense whitish preci¬ 
pitate. The residual liquor separated by filtration was 

« 

found by Mr Davy still to precipitate gelatin, and there¬ 
fore contained a portion of tannin. Muriatic acid pro¬ 
duces similar effects, two compounds of the tannin b&ing 
formed j one with an excess of acid which remains in so¬ 
lution, the other containing much tannin, which is preci¬ 
pitated. Nitric acid, when concentrated, first renders the 
solution turbid ; but the solid matter, from the production 
of which this arises, is soon re-dissolved with efferves- 


* Nicholson’s Journal, Ito, vol. i. p. 27j. 
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ccnce» and the liquor becomes cleart and of an orange 
colour. tannin is entirely decomposed during this, 

action ; for the liquid, after it, gives no preciphate with 
..pelatii), even when the acid is saturated with an alkali. 
With dilute nitric acid a permanent precipitate is formedj 
and the residual liquid appears, from the test of gelatin, 
still to contain a portion of tannin, l.agrange has stated, 
that tannin prepared by the process >vhich he has given, 
already described, is converted by oxymuriatic acid into 
gallic acid *. Were this established, it would point out 
the relation which appears to be so intimate between these 
two principles ; and it*niight even lead to the suspicion, 
which some other facts suggest, that, in the processes to 
which they arc subjected, the one is often converted into 
file other. It maybe doubted, however, if this relation is so 
simple, as that gallic acid is merely tannin oxygenized. 

The alkalis combine with tannin. A solution of pure 
potassa, poured into an infusion of galls, causes first a 
faint turbid appearance ; but, by agitation, the iluid be¬ 
comes clear, and its colour changes from yellowish brown 
to brownish red. The solution of gelatin does not act on 
tlie liquid in this state of combination, until an acid be 
added in excess, and then a copious precipitation is occa¬ 
sioned. The action of soda is precisely similar as is that 
of ammonia. On heating the infusion to which ammo¬ 
nia has been added, part of the alkali is volatilized, and 
the remaining portion acts on tannin, forming a quantity 
of insoluble matter, and leaving little in solution f. 


* Annalcs dc Chimie, tom. Ivi. p. 191. 
f Davy, Philosophical Transactions, 1803. 
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Limef barytes, and strontites, in solution in water, ap« 
^pear likewise to combine with tannin, and to form com¬ 
pounds of sparing solubility ; since, when added to infu¬ 
sion of galls, a precipitation ensues, and the residual liquor^^ 
gives no precipitate with gelatin. The precipitate of these 
earths with pure tannin is, according to Lagrange, of a 
green colour. Magnesia boiled in such an infusion forms 
a deep green fluid, which does not precipitate the solution 
of gelatin : the magnesia acquires a grey colour, and ap- 
pears to have abstracted the tannin. The action of argil, 
in an experiment performed in the same manner, appears 
to be precisely similar *. 

The alkaline carbonates cause a precipitation* of tannin, 
from the infusion of a vegetable astringent but, as has 
already been remarked, this precipitate is not pure tannin, 
but contains a portion of the alkaline carbonate, and, in 
consequence of this, does not act on gelatin, until the al¬ 
kali be saturated by an acid. The residual fluid of the in¬ 
fusion, acted on by the carbonate, still contains tannin, 
which appears to be combined with a large quantity of 
the alkali, so as to remain soluble \ and it is equally inca¬ 
pable of acting on gelatin, until the alkali is saturated by 
an acid. The carbonates of lime, magnesia, and barytes, 
produce, in like manner, an insoluble combination of these 
respective earths with tannin : the residual liquid does not 
affect gehtin, even when an acid has been added to it; 
and hence there is no soluble combination of tannin form¬ 
ed in this case, as there is in that of the alkalinf carbo¬ 
nates f. 


* Davy, Philosophical Transactions, 1803. f Ibid. 
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Even n number of neutral salts, as nitrate of potassa, 
muriate of soda, muriate of barytes, &c. cause a preci¬ 
pitation of'tannin. This, Proust supposed to ibe owing 
..merely to their combining with the water, which holds this 
principle dissolved. Mr Davy found reason to conclude} 
however, that these precipitates are not pure tannin, as 
this hypothesis implies, but contain a po|[tion of the salt 
by which they had been thrown down. 

The metallic oxides appear to have an affinity to tannin, 
and to combine with it, forming compounds in general 
insoluble. Mr Davy found, that when oxide of tin, or 
oxide of zinc, was bcHled with infusion of galls for two 
hours, it became colourless, and seemed to be pure water, 
while the oxides gained a tint of dull yellow: and on 
dissolving them in muriatic acid, the solution acquired the 
property of precipitating copiously the solution of gelatin. 
In consequence of these affinities of the metallic oxides to 
this principle, many of the metallic salts act upon it: they 
in general give rise to dense coloured precipitates, which 
appear to consist of the tannin united with the metallic 
oxide, retaining perhaps, as Mr Davy has found some rea¬ 
son to suppose, a portion of the acid with which it was 
combined. Acetite of lead forms a precipitate of a 
grey coloui ; nitrate of mercury, one that is yellow ; sul¬ 
phate of manganese is thrown down green : but these pre¬ 
cipitates generally change their colour in drying *. 

The action of this principle on sulphate of iron is im¬ 
portant^ from its relation to the art of dyeing, and to the 
eomposition of ink: On the green sulphate of iron it has 

* Lagrange, Atmalcs de Chimie, tom. Ivi. p..l96. 
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no sensible action; but with the red snlpliate, it gives a 
copious dense precipitate, of a dark blue colour, approach¬ 
ing to black when dried, and very diiFerent frt^i that with 
the gallic acid, which is of great tenuity, so as to remain , 
long suspended, and is perfectly black. In this action of 
tannin on the red sulphate, part of the oxygen is detract¬ 
ed by the tannii^, so that the oxide passes to the state in 
which it exists in the green sulphate *. The deep black 
colour, produced by the action of vegetable astringents on 
the red sulphate of iron, appears to arise from the action 
both of the gallic acid and tajnnin v they combine with 
the oxide of iron v the precipitate is kept dissolved in 
some measure by the free sulphuric acid disengaged : and 
it is this which forms the colouring matter of ink, and of 
the black dyes. 

The most characteristic, and perhaps the most import¬ 
ant chemical property of this principle, is its power of 
combining with animal gelatin. When the solution of 
this principle is added to an infusion containing tannin, 
a copious soft precipitate, which quickly become.s iloccu- 
lent, of a yellowish colour, is formed, and soon sub¬ 
sides : it is not putrescible; and on drying, contracts and' 
becomes hard and brittle, but resumes its softness, and a 
degree of tenacity which it has, when it is moistened. 
The gelatin requires to be recently prepared : the quan¬ 
tity of precipitate is influenced by the state of concentra¬ 
tion ; the same quantities giving rather more precipitate, 
when strqng solutions of them are mixed together. It is 
.also influenced by the proportions *, an excess of gelatin 


f Proust, Nicholson's Journal, 4to, vol. ii. p. 339.. 
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redissolving s little of the precipitate. These circumstan¬ 
ces require 
gelatin, the 

jversd, in using tannin as a test of gelatin. The tannin of 
different vegetables was found, by Mr Davy, to require 
different proportions of gelatin. On an average, 100 grains 
of the compound of gelatin and tannin, fcyrmed by preci¬ 
pitation from saturated solutions, contain about 54 grains 
of gelatin, and 46 of tannin. 

Gelatin, even in an indurated or compact state, is ca¬ 
pable of combining with tauiiin. A piece of animal skin, 
which consists principally of gelatin, immersed in an in¬ 
fusion containing tannin, discolours it in a short time, by 
attracting the tannin. 

Tannin exposed to heat, affords an acid liquor, a brown¬ 
ish oil, and a considerable quantity of carbonic, acid; leav¬ 
ing in the retort a light spongy coal *. 

This principle, it has been remarked, exists in many 
vegetables, and always in a state of intermixture with 
other principles, particularly with gallic acid, extract, and 
mucilage. Seguin has remarked, that the gallic acid is 
often found unaccompanied by the tanning principle, as 
in cinchona, crude or roasted coffee, the roots of the 
strawberry plant, milfoil, scrofularia, arnica, and a number 
of others ; these forming a dark precipitate with sulphate 
of iron, but not being affected by gelatin. Tannin,' on the 
other hand, is, according to this chemist, never found a- 
lone, but always accompanied with the gallic acid. It ex¬ 
ists not merely in the gall nut, oak bark, and sumach, the 


to be attended to, in estimating, by the test of ^ 
^antity of tannin in any astringent,* and vice 


* Seguin, Nicholson’s .Tournal, 4to, vol. i. p. 274. 
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substances used in tanning, but abundantly in bi&tort, tor- 
mentil, rhubarb, squil, several species of pin& the acacias, 
and a number of other vegetables. ' 

Mr Davy undertook the examination of the principal 
astringents, with the view of determining the proportion 
of tannin tliey contain, and the principles with which it 
is pnited In gull nuts, tannin is the principle present 
in by far the largest proportion : 500 grains of Aleppo 
galls yielded to water, by lixiviation, 185 grains of solid 
matter} of which 130 were tannin, 31 gallic acid, 12 mu¬ 
cilage and extract, and 12 oolcareous earth and saline 
matter. Oak bark affords a considerable proportion, 
though of course much less, from the quantity of fibrous 
matter in the bark : an ounce or 450 grains of the inte¬ 
rior white bark afforded about 111 grains of solid matter 
by lixiviation, of which 77 were tannin. The bark of tlie 
Leicester willow afforded about the same quantity ; that 
of the Spanish cltesnut less \ and the common willow and 
elm a much inferior proportion. Sumach afforded as much 
as oak bark. Souchong and green tea gave also a consi¬ 
derable quantity. The quantities vary according to the 
age of the tree, and also according to the season, as the 
experiments of Mr Biggin f have shown. The inner bark, 
Mr Davy found, always contained a larger propostioit 
than the outer layers ; and as the interior layers are com¬ 
paratively most abundant in young trees, their barks con¬ 
tain, In the same weight, a larger proportion of tannin 
than those of old trees* 


* Philosophical Transactions, 1503. 
+ Ibid. 1799, p. 299. 
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The substance named Catechui obtained hy decoction 
and inspissation from the wood of the Mimosa catechu, a 
native of IiMia, is a very strong astringent, and,'from Mr 
, Bavy’s experiments, it appears to contain a large proper- 
tion of tannin. This substance is almost wholly soluble 
in water i a considerable proportion of it is also soluble 
in alkohol, but, when acted on by the latter fluid, a p,or- 
tion of mucilage remains undissolved. One hundred 
grains of what is named the Bombay Catechu consists, 
according to these experiments, of 54.5 of tannin, 34 of 
extractive matter, 6.5 mucilage, and 5 residual matter, 
chiefly impurities. T*he same quantity of the Bengal 
catechu gave 48.5 of tannin, 36.5 of extract, 8 of muci¬ 
lage, and 7 of residual matter. 

Another very astringent substance, known in the shops 
by the name of Kino, appears, according to the account 
of it given by Dr Duncan and by Vauquelin, to consist 
chiefly of a variety of tannin. It was first imported from 
Africa, and w'as said to be the produce, by exudation, of 
a particular tree. Dr Duncan has observed, however 
that it has every appearance of an extract (obtained by d«- 
coction and inspissation, and that part of the kino of com¬ 
merce, not distinguishable from that from Africa, is im¬ 
ported from Jamaica, and is known to be the extract of 
an astringent bark, that of the Coccoloba urifera. Its so¬ 
lution gives a copious precipitate with gelatin, and throw's 
down also coloured precipitates from the metallic salts: 
that from the salts of iron is of a deep green colour. Ac- . 
cording to Vauquelin^s experiments on itf, it consists 


* Edinburgh Dispensatory, p. 242. 

•j* Nicholson’s Joiunal, vol. vi. pr 232. 
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chiefly of tanniiii with a propoTtion of mucilaginous or 
^ extractive matter. The kino examined by this chemi|t Dr 
Duncan "feuspects to be the substance named\he Botany 
Bay Gum) which is the produce of different species oC 

t 

eucalyptus, and which forms at present the hnest kino of 
the shops *. 

i^roust remarked, th.it the tannin afforded by different 
vegetables is not altogether uniform in its qualities,—an 
observation which is sufficiently confirmed by experiment. 
Thus, the tannin of catechu, in precipitating gelatin, does 
not form with it a magma of ^he consistence or insolubi¬ 
lity of that formed by the tannin df galls: it gives also a 
violet'Coloured ink with sulphate of iron. The tannin of 
kino forms with the solution of glue a rose-coloured coa- 
gulum, and does not precipitate the salts of iron black, 
but of a beautiful deep green colour, scarcely alterable by 
exposure to the air,—a property which also belongs to the 
tannin of rhubarb. The tannin of sumach, in ptecipitat- 
ing glue, affords a white magma without consistence. 
From such facts, Proust concluded, that tannin has its’ 
varieties, like t7»e other immediate principles of vegeta¬ 
bles ; the property of precipitating gelatin being that 
which unites them, and as it were constitutes the spe¬ 
cies f. 

On this subject Mr Davy has observed, that the speci¬ 
fic agencies of tannin, in all the different vegetable astrin¬ 
gents, are the same. In every instance it is capable of en¬ 
tering into union with the acids, alkalis, and earths, and 


♦ Nicholson’s Journal, 8vo, vul. vi. p. 234. 
f Ibid. vol. ii. p. 2Dl. 
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of forming insoluble compounds with gelatin and with 
skin^i and pe seems disposed to conclude) that although, 
the opinion of Proust is sufficiently conformable to the 
facts generj|lly known concerning the nature of the^ sub¬ 
stances which are produced in organized matter) it cannot 
be considered as proved) till the tannin ih different vege¬ 
tables be examined in its pure and Insulated state. li> all 
the vegetable infusions in which it has been subjected to 
experiment) it exists in a state of union with other prin> 
cipleS) by which its properties must be necessarily mo¬ 
dified. Thus, as Mr^ Davy has remarked, the infusion 
of sumach owes its characteristic property of being preci¬ 
pitated by the caustic alkalis to the presence of sulphate 
of lime ; and to this also may be owing the white colour 
of its precipitate with glue. That the infusion of galls is 
rendered green by the alkaline carbonates, evidently de¬ 
pends on the large quantity of gallic acid It contains ^ and 
that the solutions of catechu do not copiously precipitate • 
the carbonated alkalis, appears to depend on their contain¬ 
ing tannin in a peculiar state of union with extractive 
matter, and uncombined with gallic acid or earthy 
salts *. 

These observations are undoubtedly just; yet as tannin 
apjJbars susceptible of alteration in its constitution, parti- 
culaily from oxygenizement, it is not •improbable, that 
slight variations of this kind may give rise to some of the 
differences observed in its properties,—a supposition con¬ 
firmed by the discoveries with regard to its artificial form- 


# Philosophical Transactions, 1803. 
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ation> in which it is produced with properties somewhat 
, difii»ent» so as to form at least three varieties. 


T^b artificial formation of tannin, a subject highly in¬ 
teresting, has been amply investigated by Mr liatchet, 
by,whom it was discovered. It had been observed by Se- 
guin, Proust, and Davy, that tlie tanning principle is de¬ 
veloped in many vegetables by heat i and Mr Chenevix^ 
in submitting coffee to chemical examination, found, that, 
by roasting it, tannin is evolved or produced: previous 
to roasting, it contains a 4 )rincipfe somewhat analogous, 
but which does not precipitate gelatin, but, after it has 

been submitted to that process, its decoction gives an im- 
* » 

mediate precipitate *. The observation *of these facts, 
however, did not lead to any farther investigation of the 
subject. 

Mr Hatchet having observed in his experiments on lac, 
and some of the resins, the powerful action that nitric a- 
cid exerts on them, and that a substance is produced by 
this action possessed of some peculiar properties, and 
which appeared carbonaceous, was induced to e^camine 
the effects of the action of this addon the bitumens, coal 

itr 

and charcoal. He found, that by digesting these with a 
sand heat in nitjic acid, 100 grains being \ 15 ed to one 
ounce of acid pf the specific gravity of 1.4, and fresh pofr 
tions of the acid being added as it was .d^^omposed or 
dissipated, a solution was obtained, at the end of five pr 
six days, of a dark brown colour, and which afforded, 

«-— . I -, 

* Nicholson’s Journal, 8vo, vol. ii. p. 114. 
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when eva{>orated to dryness, a substance having the ge- 
neralt propei^tles of tannin, and which very readily preci¬ 
pitated solutions of gelatin. 100 grains of vegeta*blc char- 


iToal yield about 114 grains of this matter in a dry state. 
This -substance *Mr Hatchet found was best obtained 


from carbonaceous matter when this is uncombined with 


any principle but oxygen; and hence substances frequently 
did not produce the tanning matter when treated with ni¬ 
tric acid, as saw-dust and different varieties of coal,wluch, 
after having been charred and submitted to the same 
treatment as before, produced it copiously. The coal of 
animal matter was equally susceptible of being converted 
into tannin by this process. Isinglass charred afforded 
it, for example, in Mr Hatchet’s experiments, and, as he 
remarked, thus established the curious fact, ** that one 
portion of the skin of an animal may be made to convert 
another into leather.” 


Jn conformity to this effect of charring in favouring the 
production of tannin, Mr Hatchet found, too, that sub¬ 
stances charred by sulpliuric acid, afforded the artificial 
tanmn when afterwards treated with nitric acid ; and e¬ 


ven in some cases, in his first experiments, a portion of 
it appeared to be formed by the continued action of the 
sulphuric acid, being separated from the insoluble matter 
by the action of alkohol.. This he afterwards investiga¬ 
ted more fully *, and found, that by digesting sulphuric 
acid on a number of resins, balsams, camphor, oil of tur¬ 
pentine, lintseed oil, olive oil, and wax, washing the re¬ 
siduum, and digesting it in alkohol^ tanning matter was 
procured. 


Philosophical Transactions, rt06. 
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In a second series of experiments % Mr Hatchet fonndy 
that almost every vegetable substance might, be made to 
alFord tannin, by the repeated distillation ox nitric acid 
from them without any previous chairing, He thus 
procured it from all the resins which he tried, from 

f 

number of the gum resins, from the balsams, indigo, 
and several odier varieties of vegetable matter; some 
affording it with more difficulty than others, or requiring 
more distillations of the acid, and affording it also in dif¬ 
ferent quantities. Some even did not afford it, such as 
elemi, tacamahac, olibanum,' sa^daracli, copaiba, mas- 
rich, myrrh, gamboge, and caoutchouc, though, had the 
distillation been more frequently repeated, Mr Hatchet 
supposed it probable they might have done so. Gum 
arable, gum tragucanth, and manna, afforded oxalic acid, 
but no tannin. 

The nature of the product of all these operations was 
assertained by the precipitate it gave with gelatin, and, 
in some cases by skin being tanned, or converted into 
leather by its operation. It resembled, too, in almost 
all its other properties, natural tannin. Its flavour was 
astringent: exposed to heat, it swelled, and gave a volu¬ 
minous coal; it was speedily dissolved by cold water, 
and by alkohol. Its solution produced copious preCipi- 
' rates when added to solutions of muriate of tin, acetite 
of lead, and red sulphate of iron ; that from the flrst be¬ 
ing of a dark grey colour, those from the others brown. 

. It precipitated gold in its metallic state from its solution. 
With the nitrate of lime, nitrate of barytes, and othey 


* PJiilosophical TraosacUoas, 1805. 
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earthy 8sSt8« it likewise gave precipitates. The alkalis 
at first deepened the colour of its solution, and then ren- • 
dered it tuibid. Sulphuric and muriatic acids throw down 
, from its sljution a copious brown precipitate, soluble 
in warm water, and still capable of precipitating gelatin 

It thus appears, that artificial tannin may be formed 
from a number of vegetable substances, smd by different 
processes. The products of these processes, though all 
possessed of the essential characters of natural tannin, 
differ somewhat in their properties from it and from 
each other. Mr Hatcket has marked three varieties,— 
the first, tliat which is produced by the action of nitric 
acid on any carbonaceous substance, vegetable, animal, 
or mineral; the second, that which is formed by distil¬ 
ling nitric acid from resins, balsams, and similar sub¬ 
stances } and the third, that which is extracted by alko- 
hol from a number of resins, camphor, &c. digested 
M'ith sulphuric acid. 

The first of these varieties approaches most nearly in its 
properties to natural tannin. It resembles it in it& solu¬ 
bility in water and in alkohol; in its action on gelatin 
and on skin j in its effects on die metallic solutions, on 
the alkalis, and on the earths. The sulphuric and 
muriatic acids, too, affect its solution, as they do that 
of natural tannin; and the only marked difference be¬ 
tween them is in their relation to nitric acid. This va¬ 
riety of artificial tannin owes its origin to the action of 
this acid, and is not changed by the continuance of 
that action. Mr Hatchet found, that it might be dis- 


Philosophical Transactions., 1805. 


290 


TANNIN. 


solved in strong nitric acid, the solution distilled until 
I th^ whole of the acid came over, and this I e repeated 
three times without the tanning matter having suffered 
any alteration in its properties; while natur^A tannin ex¬ 
tracted from different vegetable astringents, galls, oak 
bark, sumach and others, was always destroyed by the 
action of this” acid *, This forms a striking difference 
between these two substances. 

The second varjetv of artificial tannin, is that formed 
from resins and some other substances, by the reported 
action of nitric acid, favoured bit a hhih temperature, or 
by distilling the acid repeatedly’ from them. It is not 
therefore so easily formed, and the quantity of it pro¬ 
duced is also always less. Its formation, as Mr H.uchet 
has conjectured, probably depends on the oxygen of the 
acid attracting the hydrogen of the resin, and forming 
water, and thus leaving an excess of carbon, which is then 
acted on by the acid, so as to be converted into tannin, 
in nearly tlie same manner that charcoal is. There is a 
slight difference, however, between this and the first va¬ 
riety, particularly in the precipitates which it forms with 
gelatin, which are always of a yellow colour, pale or deep, 
while those formed by the other are constantly brown; 
whence he concludes, that the different colours of the pre- 

* Some of these kinds of natural tannin resisted the action 
of nitric acid longer than others, such as that from oak bark; 
and those seemed most easily destroyed which had an intermix¬ 
ture of mucilage. Mr Hatchet was hence induced to add 
gum, and also sugar, to thie artificial tannin, in subjecting it to 
the action Oi nitric acid, wit the view of promoting its decom¬ 
position, but without any effect. 
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cipitates nepend on the state of the carbon of the tan¬ 
nin. \ • 

The thiild variety produced by the action of sulphuric 
acid on resfi^s, balsams, and similar substances, is inferior, 
in the energy of its action on gelatin and skin, to the first 
variety ; it is converted into it, by the action of nitric acid. 
By the continuance of the action of sulphuric acid, it is 
decomposed and converted into coal. 

The first variety of tannin afforded, when decomposed 
byJieat, products analogous to those of animal matter. 
First a little water, wilh a* small quantity of nitric acid 
came over, then a smill portion of a yellowish oil: on 
raising the heat, a large quantity of elastic fluid came 
over suddenly, which was principally ammonia; and car¬ 
bonic acid gas, with a little nitrogen, were afterwards 
slowly disengaged. A bulky coal remained, which on in¬ 
cineration afforded a little lime. Carbon therefore ap¬ 
pears to be its basis, with wliich are combined oxygen, 
hydrogen, and nitrogen. The third variety, Mr Hatchet 
remarks, from the mode of its formation, does not appear 
to contain nitrogen; and this, he adds, may perhaps be 
the cause of its less powerful action. 

From the facility with which some vegetable substances, 
after* being charred, are converted into tannin by nitric 
acid, Mr Hatchet supposes, that some such method may 
be economically employed in practice. After extracting the 
tannin from oak bark, by repeated maceration in different 
portions of water, the remaining matter was dried and 
moderately roasted. It was then moistened with diluted 
nitric acid, which was evaporated in a heat not much ex¬ 
ceeding 300°, until the bark became dry. This was di- 
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gested in water, and speedily formed a yellow^h brown 
liquor, which abundantly precipitated gelatinJ The ope¬ 
ration was repeated on the residual bark wilh the same 
result; so that it might evidently have beqn continued 
until the whole of the bark had been converted into tan- 
nin. Peat, which consists of vegetable matter in a car¬ 
bonized state, ‘affords a large quantity of tannin, by such 
a process, with great facility; and the tanning quality of 
the water of peat moors, Mr Hatchet conjectures, may be 
derived from some spontaneous change of a similar natuse*. 


The art of tanning, or converting the skin of animals 
into leather, depends on the operation of the principle, the 
chemical history of which has now been given, and has 
been elucidated by the discoveries made with regard to it. 
Tanning is indeed nothing more than combining tannin 
with the gelatin, which is the basis of the skin; and all 
the manipulations of the art, are directed to facilitate or 
effect this combination. A concise account of these, 1- 
take principally from a memoir by Mr Davy on this snb- 
ject f. 

The skin requires to be prepared for the action of the 
tanning liquor, by freeing it from the hair and other ex¬ 
traneous matter. This is done by washing it, and in some 
cases by inducing a slight degree of putrefaction, by 
which the epidermis is loosened, and tl^ hair more easily 

* Philosophical Transactions, 1806. 
f' Journals of the Royal lostitution. 
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detached.^ This is more generally effected, however, by 
the actionVf lime : the lime being diffused in water, and , 
the skin sWjeped in it; its agency, from Mr Davy’s inves- 
. tigation of ^fhe subject, appears to depend on the lime 
combining with the cuticle, and forming an insoluble com¬ 
pound, which is loose and friable. The fat and oily mat¬ 
ter adhering to the skin, form with the lime, too, sapona¬ 
ceous compounds, and are thus removed. 

After the skin has been cleaned, it is submitted to other 
optirations, before it is immersed in the tan liquor. Ac¬ 
cording to Mr Davy’s sccoftnt of the practices of the art, 
the large and thick hidls which have undergone incipient 
putrefaction, are introduced for a short time into a strong 
infusion of oak bark, and after this they are acted on by 
water impregnated with a little sulphuric or acetic acid, 
in consequence of which they become harder and denser 
than before, and fitted, after being tanned, for the pur¬ 
pose of forming the stouter kinds of sole leather. The 
lighter and thinner skins are treated in a different manner: 
they are macerated for some days, in a ley formed from 
Ahe infusion of pigeons dung in water, which contains a 
little carbonate of ammonia; the skin is thus deprived of 
its elasticity, and becomes more soft. 

The tanning liquor is, in this country, generally pre¬ 
pared by infusing bruised oak bark in water: and skins 
are tanned, by being successively immersed in such infu¬ 
sions, saturated in different degrees with the astringent 
principles of the bark. The first leys in which they are 
immersed are weak, but towards the completion of the pro¬ 
cess they are used as strong as possible 9 ant) in prepar- 
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ing stout sole leather, the skins are kept in anpoze, ap« 

, preaching to saturation, by means of layers ofpak bark. 

The infusion of oak bark, especially that (ptained by 
the first maceration, contains principally tanpin and ex¬ 
tractive matter; any gallic acid, if present, as has been 

« 

supposed, being at least in inconsiderable proportion. In 

th& course of the maceration of the skins in these liquors, 

the tannin combines gradually with the gelatin, which, in 
» 

an organized form, principally constitutes the skin, and 
forms with it a compound insoluble in water, dense and 
impermeable to that fluid, while it possesses at the same 
time a certain degree of elasticity The extractive mat¬ 
ter also enters into the combina' ionfor when skin in 
large quantity has exerted its full action on a small quan¬ 
tity of infusion, it at length abstracts the whole dissolved 
matter, and renders it colourless. From this extractive 
matter colour is derived, and the skin may perhaps be 
rendered more dense. 

ft has been supposed, that the gallic acid frequently 
contained in vegetable astringents, facilitates the action of 
their tannin, in converting skin into leather. According- 
to the theory of the operation, as given by Seguin *, skin 
is gelatin in a hardened state, from slight oxidizement; 
the gallic acid in some measure de-oxidizes it, and hence 
reduces it to that state in which it combines more easily 
with gelatin. There is little proof given, however, of this 
theory; and it appears sufficiently established, that the 
operation can be performed without the presence of this 
acid : and indeed in the tan liquor prepared by one ma- 


* Nicholson’s Journal, 4to, vol. t, p. 277. 
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ceration rrom oak barky it is scarcely discoverable, and, 

if it do eit'st in it, is in intimate combination with the ex- 

\ • 

tractive matter. 

The operation of tanning, as now described, requires a 
number of months, from the skins being successively and 
slowly* introduced into infusions of different degrees of 
strength. Seguin, after his discovery of tannin, proposed 
to abridge the process, by introducing the skins more 
speedily into strong infusions of the tanning substance ■, 
aryl in this way, according to the excellent report given 
on the art of tanning, hff Pelletier and Lelievre *, in which 
his method is fully delcribed, the whole could be finish¬ 
ed in about twenty dnys, and leather obtained equal in 
quality to that prepared by the old method. There is rea¬ 
son, however, to doubt of the superiority of this new me¬ 
thod. Mr Nicholson, in some observations on,this sub¬ 
ject, when a patent was taken out for Seguin^s method in 
this country stated, that from information acquired 
from the manufacturers, he found th.it they had previous¬ 
ly been sufficiently acquainted with the powers of the 
strong tanning infusions j and that it had et'en been pro¬ 
posed to employ them so as to abridge the process. But 
the leather thus prepared was by no means equal to that 
prepared in the old method. The advantage of the slow 
and gradual process, appears to be, that the whole sub¬ 
stance of the skin is penetrated, and equally changed i 
while in the more rapid method the external parts must 
be more acted on ; and the texture probably will be more 

* Memoirs de Chimie de Pelletier, tom. ii. p. 357. 
f Journal, 4to, vol. i. p. 26. 
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unequal. It appears also from Mr Davy’s ex^rimentSi 
^ to combine with a larger quantity of the extr^tivc mat¬ 
ter contained in the astringent infusion *> ana hence too 
the advantage of the immersions in the wealyiliquors, as 
these contain more of this than the strong infusions. It 
must be confessed, however, that for any thing* theory 
can discover, the common process appears to be unneces¬ 
sarily protracted, and some advantage might probably be 
derived from adopting some of the manipulations of Se- 
' guin. 

The skin in drying increases imweight, from the fixa¬ 
tion of the vegetable matter: the quantity of this seldom 
exceeds one-third of its weight. jS'he increase is greater, 
according to Mr Davy’s experiments, from quick than 
from, slow tanning. In the latter, he supposes more of 
the extractive matter enters into combination, and this, 
weakening the attraction of the skin to tannin, less of this 
is absorbed, and less vegetable matter on the whole en¬ 
ters into the composition of the leather. Probably also, 
m the slow process, more of the animal matter is re¬ 
moved. 

Other substances are used in tanning, as the bark of 
the willow, elm, and other trees, and even galls and ca¬ 
techu. The leather prepared from these varies in colour, 
and in some other external qualities. 

Another application of tannin is in the composition of 
writing ink. This is formed from a mixture of galls and 
sulphate of iron macerated in water, a quantity of gum 
arabic being added to prevent the liquid from being too 
thin and watery. It was imagined formerly, that the black 
colour was nroduced from the action of the eallic acid on 
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the oxide of iron; but as this acid is much inferior to tan¬ 
nin in prt. ducing this colour, and as so much tannin ex-^ 
ists in thi.' gall nut, it is chiefly from this priAciple, in 
combinatii n with the oxide of iron, that the colour must 
arise ; the sulphuric acid probably contributing to the 
solubifity of the compound. The iron requires, for the 
full production of this colour, to be at the maximum of 
oxidizement *, and hence ink, when first prepared from 
the green sulphate, is of a paler colour than it afterwards 
assumes. The vegetable matter is liable to slow decom¬ 
position : hence the fliouMiness of ink when it is long 
kept, and the decay o;| it by age, so that manuscripts at 
length become illegibll. The colour may be in some mea¬ 
sure restored in such a case, by spreading over the paper 
a dilute infusion of galls ; or a blue colour may be pro¬ 
duced, of course marking the letters, by using a dilute 
solution of an alkaline prussiate. On this subject, some 
observations were made by Blagden *. 

Tannin must also be regarded as the basis of the black 
dyes, these being obtained from sulphate of iron, acted on 
by infusions of galls, or other astringents. 

Tannin, it has been supposed, as a test of gelatin, 
may sometimes afford information of some importance in 
cases ot morbid affection, as it can discover the presence 
of that principle, and even its quantity in any of the se¬ 
creted fluids. 


Philosophical Transactions, vol. Ixxvii. p. 451. 
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SECT. XV. 

GALLIC ACID. 

There existin the juices of many vegetables, especial* 
ly in their fruits, at certain states of maturity, compounds 
possessed of the general acid properties: And such acids 
are likewise found combined with some of the proximate 
vegetable principles \ or somctnncq| united with the alkalis 
or earths, forming what have bethi named the Essential 
Salts of Plants. These native vedletable acids have been 
classed together; and they no doubt possess a certain re- 
scmblatice in their properties, and in their chemical com¬ 
position. They are not however to be regarded as mere va^- 
rieties of a species; each forms a species, or peculiar 
proximate principle, perfectly distinct, and with differ¬ 
ences as important as exist among the other immediate 
principles of plants. Seven acids of this kind have been 
distinguished,-—the Gallic, Citric, Malic, Oxalic, Tartaric, 
Benzoic, and Acetic. To these may perhaps be added 
the Moroxylic acid, which has been more recently dis¬ 
tinguished. * 

These acids are of similar composition : they have all 
a compound base of carbon and hydrogen existing in each 
in certain proportions, and acidified by oxygen ; hence, 
by subjecting them to operations in which the propor¬ 
tions are altered, they are sometimes converted into each 
other. The malic, citric, gallic, and perhaps some of tlic 
others, are thus convertible into the oxalic. This conver- 
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sion is effected by the action of substances communicat¬ 
ing oxygtn, and may arise either from an additional pro-. 

portion of oxygen entering into the combination, or from 
« 

a portion of hydrogen or carbon being abstracted. When 
subjected to destructive distillation, they afford a large 
quantity of empyreumatic acetic acid } and they are pro¬ 
bably to be regarded as the most highly oxygenized of 
the vegetable products. 

, The Gallic Acid, the history of which is to be given 
in this section, it has ».pp^ared from the history of tannin, 
has an intimate conijsction with that principle. They 
generally exist togetlkr, and either of them seldom is 
found in any vegetable without a portion of the other. 
There are some plants, however, as has been remarked 
under the history of tannin, which are said to contain the 
gallic acid alone. 

This acid exists in largest quantity in the gall nut, 
whence it has received its name. The infusion of this 
substance, it had been observed by the Dijon Academi¬ 
cians, has some of the properties of an acid : it reddens 
the infusion of litmus; and they farther found, that this 
principle is raised by distillation, the product of this ope¬ 
ration striking a black colour with salts of iron; and that its 
solution in water precipitates the alkaline sulphurets, and 
decomposes metallic solutions *, Scheele first obtained 
this acid, however, in a pure form, and described its pro¬ 
perties. He observed, that an infusion of galls had de¬ 
posited a sediment of a grey colour, and of a crystalline 


* Siemens de Chimie, tom. iii. 
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a|»pearance) which had an acid but not astringent taste» 
and which precipitated sulphate of iron black. To inves¬ 
tigate the'nature of this salt, he allowed a strong infusion 
of gaih; to remain in a vessel impertectly closed for some 
months. A thick mould was at first formed on its sur¬ 
face ; its astringent taste diminished, and its sourness in¬ 
creased. A sediment was at length collected at the bot¬ 
tom : tfiis was washed with cold water, and then as much 
boiling wMter poured on it as was sufficient to dissolve it. 
On evaporating the filteretl solution by a gentle heat,,a 
salt was obtained, partly in ihe'fori'i of a fine sand, and 
partly in the form of radiated cry^als, of a grey colour 
which w'as not removed by repeated solutions and crystal¬ 
lizations. Tills substance is the Gallic Acid *, 

Other method.', have since been employed to obtain it, 
less tedious, and affording it, perhaps, in a state of rather 
greater purity. Scheele observed, that when galls are 
distilled with a strong heat, an acid liquor first passes 
over, and afterwards a saline matter rises, possessed of all 
the properties of gallic acid. This method has been em¬ 
ployed by Deyeux ; heat being slowly applied to powder¬ 
ed gall nuts in a glass retort. At first a limpid fluid con¬ 
denses in the receiver, and afterwards crystals of a white 
colour condense in the upper part of the vessel: the heat 
is stopt whenever the crystals towards the lower part be¬ 
gin to melt, as, if continued longer, a portion of oil is vo¬ 
latilized, and renders them impure. This process, as Mr 
Davy has remarked t> is the most simple, and least ex- 


* Crell’s Chemical Journal, vol. i. p. 24. 

4 Tournala of the Roral Inatltution. voL i. o. 27.5. 
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pensive ; and perhaps scarcely any other need to be em¬ 
ployed. , 

Several others, however, have bcerr propo’sed. Mr 
Davy found, that when carbonate of barytes is boiled for 
some time with an infusion of gall nut, it affords a bluish 
green*liquor, which appears, from the common tests, to 
contain neither tannin nor extract. When diluted .sul¬ 
phuric acid is dropt into this liquor, it becomes turbid ; 
sulphate of barytes is precipitated ; and, after filira/ioii, if 
the saturation of the earth be perfect, a colourless solu¬ 
tion, apparently purc,*is obtained *. Mr Fiedle- !j.iS -m- 
ploycd the affinity of Another earth, argil, to tannin and 
extractive matter, to dpstract them from the gallic acid of 
the infusion of galls. He boils an ounce of galls in six¬ 
teen ounces of water, unt.l half the quantity of liquid is 
evaporated ; he adds to this the quantity of arg;l which is 
obtained from the decompo.'.ition of two ounces of alum 
by an alkaline solution, agitating them frequently. After 
twenty-four hours, the liquot being filtered, passed colour¬ 
less,—a proof that the extract had been abstracted ; and 
it was not rendered turbid by solution of gelatin,—a proof 
that the tannin had also been removed. This Iqiior be¬ 
ing concentrated by evaporation, afforded the pure gallic 
acitbin acicular crystals f. This process was performed 
by Mr Davy, but without pcrfect^success ; the filtered li¬ 
quor, when the argil had not been boiled with it, still 
giving a slight precipitate with gelatin, while, when it had 
been boiled, the greater part of the gallic acid, as well as of 


* Journals of the Royal Institution, vol. i. p. 271'. 
f Nicholson’s Journal, 8vo, vol. i. p. 237. 
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the Other principles^ had been abstracted. Proust has ein« 
^ployed the affinity of oxide of tin for the same purpose : 
dropping'muriate of tin into the solution of the acid, as it is 
obtained by the first process of Scheele, while any flocculi 
precipitate, and, from evaporation of the filtered liquor, a 
voluminous mass of white and brilliant crystals are obtain* 
ed Richter lias given another process, in w'hich an in¬ 
fusion of galls in cold water is evaporated to dryness. 
Pure alkohol is poured on the dry matter: it dissolves the 
gallic acid, and leaves the tannin undissolved : the alkobol 
is distilled from the solution t(f nearly a solid mass. Wa¬ 
ter is added to this, and a gentle l^at applied. A solu¬ 
tion, clear, and almost colourless, its obtained, which, by 
evaporation, affords small white prismatic crystals of gal¬ 
lic acid, about half an ounce of them being obtained from 
a pound of galls f. The process, however, is liable to in¬ 
accuracy } for, if the alkohol is not very highly rectified, 
a portion of the tannin will likewise be dissolved ; and 
perhaps it is to be suspected, that, in any method of per¬ 
forming it, a small quantity of this principle will be taken 
up, and will adhere to the gallic acid. 

This acid, when obtained pure, is in slender prisms of 
a perfectly white colour, which suffer no change from ex¬ 
posure to the air: its taste is sour, and its solution •red¬ 
dens, the vegetable colours, and excites effervescence with 
the alkaline carbonates. 

It is soluble, according to Scheele’s experiments, in its 
weight and a half of boiling water: the solution, as it 

* Journal de Physique, tom. Ixi, p. 117. 

f Philosophical Magazine, vol. xxiii. p. 74. 
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coolsy becomes turbid, from the formation of small crys¬ 
tals *) and it requires 24 parts of cold water for its solu-« 
tton. It is much more soluble in alkohul: it dl'ssolves in 
its own weight when the alkohol is boiling, and requires 
about four parts when the alkohol is cold. 

When exposed to heat, it fuses, giving an agreeable 
odour, and leaving a hard coal, which ips with difEculty 
reduced to ashes. When the operation is performed in a 
retort, after it has melted, an acid liquor comes over, 
without any oil; and a portion of it at length sublimes, 
remaining fluid while Ihe heck of the retort is hot, but 
shooting into crystals* as it cools. A large quantity of 
charcoal remains in tile retort. The sublimed acid ap¬ 
pears to differ a little from the original one : it has near¬ 
ly the same taste and odour as the acid of benx-’/m, but 
it retains the other characteristic properties of the acid. 
These facts were ascertained by Scheclc. Deyi ux farther 
found, that, during the decomposition of this acid by heat, 
an aeriform fluid is disengaged, which contains oxygen 
gas in larger proportion than atmospheric air ; and that, 
by repeated distillations, or exposing always the quantity 
that sublimes anew to heat, it may be completely decom¬ 
posed. He hdS concluded, tliat it consists of carbon and 
oxygen, since it is resolved into these in its decomposi¬ 
tion i and that it contains more carbon than carbonic 
acid *. There can be no doubt, however, of hydrogen 
also existing in its composition, though the proportion of 
carbon it contains is undoubtedly large. Scheele found, 
that by treating it with nitric acid in the usual manner, it 
is converted into oxalic acid. 


* Annales dc'Chimie, tom. 


GALLIC ACID. 


SOi 

This acid combines with the alkalis and earthS) form- 

^ing salts denominated Gallates, the properties of which 

have beeb very little examined. Richter has remarked^ 

that the alkaline gallates form black precipitates with so* 

lutions of iron, and likewise precipitate all other metallic 

solutions. Its combinations with the alkaline earths have 

a considerable degree of solubility, so that, if the solutions 
• 

are dilute, no precipitate appears when they are form¬ 
ed, especially if there be a slight excess of the acid. 
According to Proust, when gallic acid is saturated wjth 
the alkalis, it always gives liqctorsi>of a green colour ; but 
as the acid itself is white, and askolourless acids do not 
produce with the alkalis coloured pits, this may probab¬ 
ly be owing to foreign matter adhering to the acid which 
the saturation developes. 

Scheele remarked, that gallic acid precipitates metals 
from their solutions of different colours ; and he added 
several facts with regard to these precipitations. Its so¬ 
lution gives a dark green colour to a solution of gold, and 
makes it deposite by degrees a brown powder, which is 
gold revived. A solution of silver is rendered brown, 
and deposites, if warm, a grey powder, which is silver in 
its metallic state. A solution of mercury is precipitated 
of an orange yellow. A solution of copper yields a bsown 
sediment. Acetated lead is precipitated of a white colour. 
Bismuth gives a lemon coloured predpitate. The acid of 
molybd 2 ena becomes of a dark yellow, without any preci¬ 
pitation. Platina, zinc, the acid of arsenic, tin, cobalt, 
and the regulus of manganese, undergo no change *. 


* Crell’g Chemical Journal, vol. i. p. 28. 
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Gallic acid gives a black colour With the salts of iron: 
the precipitate on which this depends is> as Proust has^ 
remarked) much hner, and remains longer sdspended 
than that from tannin. In this action, the gallic acid 
appears to have nearly the same relation to the oxide that 
tannin*has. When added to the solution of the pure and 
neutral green sulphate, it produces no change of colour 
immediately, but, from exposure to the air, the dark co¬ 
lour appears. According to Proust's view, of the sub¬ 
ject this is owing to the iron in the green sulphate not 
being suOiciently oxidized* to form the coloured com¬ 
pound } and exposure *0 the atmosphere produces the co- 

I 

lour, by producing thi&^higher oxidizement of the metal. 
Berthollet has contended, however, that other causes likcT, 
wise operate in the production of this coloured combina¬ 
tion, and that the theory of it is not so simple. He has 
remarked, that, if the acid has been added to the solution 
of the sulphate of iron without producing the dark co¬ 
lour, it immediately appears on large dilution with wa¬ 
ter, or on the addition of a little alkali without the contact 
of the air •, or if a little iron-filings be put into a flask of 
the mixed solutions, colour is acquired rapidly, though 
their effect must, be de-oxidizing. He supposes, there¬ 
fore, ihat the gallic acid does not form the black coloured 
precipitate with the green sulphate of iron, not from the 
low state of oxidizement merely, but because the sulphu¬ 
ric acid has too much power over the black oxide, and 
retains it too strongly. But if the action of the sulphuric 
add be weakened by a suiheient quantity of water, by an 


* Nicholson's Journal, 4to, vol. i. p. 458, 
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alkali, or by iron acting on it, then the oxide may com- 
^ bine with the gallic acid; and a higher degree of oxi- 
dizemeiit, such as that which exists in the red sulphate, 
favours the combination, from the metal in that state 
having a less strong attraction to the sulphuric acid 
Richter has adopted the same views, and has maintained, 
th^t, when a solution of gallic acid imjjnediately forms a 
black piecipitatc in neutral solutions of iron, it is net 
pure, and commonly contains tannin, which combines 
with the sulphuric acid, and separates from it the oxide 
of iron, which then combines with the gallic acid f. Bcr- 
thollet admits, however, that highly oxidized iron ^>rodu> 
ces a deeper black with gallic acip than iron in a lower 
^degree of oxidizc*ment,> 7 -an elTecfc which he formerly sup¬ 
posed owing to the acid being partially decomposed, part 
of its hydrogen being attracted by the excess of oxygen in 
the oxide, and carbon being transferred to the imperfect 
oxide, with which the remaining acid then combines. 

According to Proust, gallic acid dissolves tannin, or ra¬ 
ther renders it more soluble in water. Partly from this, 
and partly from both principh s forming compounds with 
oxide of iron of a black colour, arises the advantage de¬ 
rived from their combination in the formation of inks and 
black dyes, or the superiority of a mere infusion of a ve¬ 
getable astringent containing both, as the gall nut, to the 
use of either in a purer state. These applications, which 
partly depend on the agency ©f gallic acid, have been al* 
ready taken notice of under the history of tannin. 


* Chemical Statics, vol. ii. p. 232. 
f Philosophical Magazine, vol. xxiu. p. 75. 
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ScHLELE, in examining the acid juices Of unripe fruits, 
found that they consisted generally of two acids, mingled 
in different proportions *, one, which, existing in abund¬ 
ance and in a pure state in the fruit of the lemon, he 
named Acid of Lemons) and which has since received the 
name of Citric Acid ; tlie other, which, from composing 
principally the juice of' unripe apples, he named Acid of 
Apples, and which has since received the appellation of 
Malic Acid. The fruit of the gooseberry, of currants, 
bilberries, beamberries, cherries, strawberries, cloudber¬ 
ries, and raspberries, contain nearly equal quantities of 
both acids : cranberries, whortleberries, birdcherries, and 
doghips, contain the citric, with little of the malic acid i 
while the juice of the barberry, elderberry, sloe, and 
plumb, consists of the malic acid, with little or no traces" 
of the citric. It is probable, however, that the propor¬ 
tions of these in the same fruit will vary at different pe¬ 
riods of vegetation, and may even be altered by culture 
and climate. The history of the Malic acid is first to be 


given. ^ 

The process which Scheele gave for its extraction is to 
saturate the expressed juice of unripe apples by the ad¬ 
dition of carbonate of potassa: to the saturated liquid, 
acetite of lead is added, as long as there is any precipita¬ 
tion : the precipitate, which is the compound of malic 



MALIC ACiO. 


JOS 

acid and oxide of lead, is washed, and diluted sulphuric 
* acid added, until the mixture has a perfectly acid taste, 
without any sweetness: the malic acid thus disengaged 
Is then separated by filtration from the sulphate of lead 

When it exists in fruits in combination with the citric 
acid, the process which Scheele emi^oyed to separate 
thdtn, was to evaporate the expressed juice to the con¬ 
sistence of honey, and then dissolve it in alkohol: the 
mucilaginous matter was thus removed, and the two acids 
existed in the solution. This being filtrated, the alkohol 
was evaporated, and to the remaining acid fluid twice its 
weight of water was added. It was then saturated with 
chalk the citric acid forms with ^the lime of the chalk an 
insoluble compound, which is precipitated, the precipita¬ 
tion being promoted by boiling the liquor a little. The 
compound of lime and malic acid which remained in so¬ 
lution was precipitated by alkohol, and washed with that 
fluid, to carry off any saccharine or other vegetable mat¬ 
ter : the malate of lime was decomposed by the addition 
of acetite of lead, and the malate of lead thus obtained 
decomposed by sulphuric acid, as in the preceding pro¬ 
cess. 

Malic acid, it was also found by Scheele, can be arti¬ 
ficially formed. Sugar, it has already been stated,-when 
acted on by nitric acid, is converted into oxalic acid } but 
j^cheele observed, that in this process a quantity of malic 
acid is also produced. If the oxalic acid formed in that 
process be separated, by adding lime-water as long as 
there is any precipitation, there still remains in solution 
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anotber acid, which neither gives any indication of nitric - 
acid, nor precipitates lime-water. Thu is the malic acid, 
which he separated by a process similar to that last de¬ 
scribed. It is probable, that the malic acid is the primary 
product of this operation, and that, as it is formed, part 
of it Is converted, by the continued action of the nitric 
acid, into oxalic acid. 

Scheele having discovered this fact, examined the re¬ 
sults of the action of nitric acid on a number of other ve¬ 
getable substances, and found, that various mucilages, fe- 
cula, and extractive substances, afforded it, generally with 
oxalic and sometimes«with saccho-lactic acid. Essential 
oils yielded very little of either, and animal substances 
afforded portions of them only when acted on by concen¬ 
trated nitrous add. Oxymuriatlc acid forms it from gums 
still more readily than nitric acid does. ^ 

Malic acid is not susceptible of crystallization. By this 
it is particularly distinguished from the other vegetable 
acids, and is also capable of being more easily detected 
when mixed with them, as it forms the uncrystallizable 
residue of the liquid from which they have crystallized. 
When much evaporated, it becomes thick and viscid. Its 
solution, when strong, is of a brownish red colour, has a 
very sour taste, and reddens immediately the vegetable 
colours. 

When exposed to heat, it is easily decomposed: its 
colour darkens; it swells up, exhales an acrid vapour, and 
leaves a voluminous coal. When subjected to destruc¬ 
tive distillation, the products are an acid liquid, much car¬ 
bonic acid gas, with a portion of carburetted hydrogen, 
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and charcoal. The acid thus formed^ alrcording to Four* 
^croft appears to be the empyreumatic acetic, or, as it was 
named, pyro>mucotis acid. 

Malic acid, in the state of its watery solution, suffers, 
when kept, spontaneous decomposition. 

It is decomposed by the more powerful acids.* Sul¬ 
phuric acid chays it: nitric acid converts it into oxalic 
acid. 

It unit#s with the alkalis and earths, forming salts de* 
nominated Malates, the properties of which have scarcely 
been examined but by Scheelei With the three alkalis it 
forms salts, which he remarks art deliquescent. With 
lime it forms a salt, when neutral, in small irregular crys¬ 
tals, which require a large quantity of boiling water for 
their solution; but when there is a slight excess of acid, 
they are readily soluble in cold water. In combining with 
barytes, the results are similar. By the comparative so¬ 
lubility of these combinations with this earth, it is easily 
distinguished from oxalic and some of the other vegetable 
acids. With argil it affords a neutral salt, which is not 
easily soluble in water; with magnesia, a deliquescent 
salt. 

Malic acid acts on some of the metals. Schecle oh* 
served, that it dissolves iron and zinc : the solution of 
malate of iron is brown, and not crystallizable; that of 
zinc yields regular crystals. He adds, that upon the 
other metals it has no perceptible effect. It combines, 
however, with their oxides, and, in consequence of such 
fsombinations, causes precipitates in several of the metal* 
lie solutions. It precipitates, in particular, the nitrates of 
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mercurjr, lead, and silver, by which it may be dbtinguish- 
ed from citric acid, which does not occasion precipitation in. 
these solutions. It also decomposes the solution of gold, 
and even reduces the oxide to the metallic state. 

This acid is applied to no use. 


SECT. XVII. 

• . 

diTRIC ACID- 

It is this acid which exists in the juice of the lemon 
and lime, and gives it its sourness. It is mixed, however, 
with mucilaginous and extractive mattery and we ,are in¬ 
debted to Scheele for the first process by which the acid 
is obtained pure, and for the knowledge of its properties' 
in this state. 

He found, that it could not be obtained pure and crys¬ 
tallized by mere evaporation of the lemon juice, and that 
even the addition of alkohol did not separate completely 
the foreign matter. The process he followed is to saturate 
the .expressed juice of the lemon, by the addition of 
chalk. The citric acid, combining with the lime, forms 

f 

an insoluble compound, which of course precipitates. 
This is well washed with warm water, until the water 
pass off colourless ; and in this way the mucilage and ex¬ 
tractive matter are abstracted. The citrate of lime is then 
subjected, in a matrass, to the action of as much sulphuric 
acid, previously diluted, as is sufficient to saturate the lime 

U4< 
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of the quantity of chalk that has been emj^loyed. The 
ofiStric acid is disengaged and dissolved by the water : the 
mixture is boiled for a few minutesy to facilitate the pre¬ 
cipitation of the sulphate of limey and is then filtered. 
The filtered liquor is evaporated to the consistence of 
syrupy any*sulphate of lime separated during the evapora¬ 
tion being withdrawn ; and, on cooling and standing for 
some timcy the citric acid is obtained in needledikc crys¬ 
tals. ScSeele found it useful to add a slight excess of 
sulphuric acid, which afterwards remained in the residual 
liquor; and Dize, in some obs'ervations on this process *y 
has remarked, that this is requisite to decompose and fa¬ 
cilitate the separation of a portion of mucilage or extract¬ 
ive matter, which still adheres to the citric acid when 
it combines with the lime, and which, when the acid is 
afterwards disengaged, opposes its crystallization. This 
the free sulphuric acid chars towards the end of the eva¬ 
poration. It is not improbable, however, but that the 
brown or even black colour which the acid assumes at 
that stage, when an excess of sulphuric acid is preserir, 
may be owing, as Mr Nicholson remarked, to the action 
of that acid on the citric acid itself i and Proust, in some 
observations on the process, has observed, that if too great 
an excessof sulphuric acid be used, this happens, and the e- 
vaporated fluid refuses even to crystallize f. He has add¬ 
ed some facts with regard to the proportions that may be 
useful in conducting the process. Four ounces of chalk, 
saturated with lemon juice, required for the saturation 94 


* Nichol8on*ti Journal, 4to, vol. ii. p. 43. 
f Philosophical Magazine, vol. x. p. 112. 
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ounces i and from this 7f ounces of dry citrate of lime 
were obtained. The four ounces of chalk required for its , 
saturation 20 ounces of a diluted sulphuric acid, compos* 

, ed of one part of the common sulphuric acid, with three of 
water; and, of course, this is the quantity of that acid 
to be used in decomposing this quantity of citrate of 
lime. • 

Citric acid exists in a number of other fruits, from 
which it may be extracted, and much, I believe, of what 
is At present found in the shops, is prepared from the 
juice of the lime. From Vauquelin’s analysis of the pulp 
of the tamarind it appears to be the chief 'acid consti* 
tuent of that fruit; one pound of the common prepared 
pulp of the shops, containing an ounce and a half, with 
smaller quantities of malic and tartaric acids. 

Citric acid obtained by a first crystallization, is not per¬ 
fectly white, but it becomes so when the crystallization is 
repeated. Its crystals, when regular, which they are on¬ 
ly when formed on a large scale, are rhomboidal prisms, 
acuminated by four planes. Its acid powers are very con¬ 
siderable : its taste is extremely sour, and almost caustic ; 
and it instantly redduns the vegetable colours. 

Exposed to heatj tlie crystals melt, from the solvent 
power of their water of crystallization ; by the continu¬ 
ance of the heat, the acid suffers decomposiiion, exhales 
an acrid vapour, and is reduced to a coal. Subjected to 
destructive distillation, it affords an acid liquor, which ap¬ 
pears to be the acetic, afterwards c.irbonic acid gas and 
carburetted hydrogen, leaving a light charcoal. 


* Annales do Chimie, tom. v. p. lOi. 
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This acid is very 'soluble in water. At a moderate 
«temperature, 100 parts of water dissolve, according to 
Vauquelin, 75 parts, cold being produced during the so¬ 
lution; at it dissolves twice its weight of it. Like 
the other vegetable acids, its solution undergoes sponta¬ 
neous decomposition, though not very readily. * 

The more powerful acids decompose it, though with 
some difficulty. Concentrated sulphuric acid converts it, 
according to Fourcroy, into acetic acid. Scheele remark¬ 
ed, that nitric acid did not convert it, as it did som^ of 
the other vegetable acids, into oxiilic acid *, but Fourcroy 
and Vauqueliu have found, that when acted on by a large 
quantity of nitric acid for a long time, it affords a small 
portion of oxalic, with a larger portion of acetic acid. 

Citric acid combines with the alkalis and earths, form¬ 
ing salts denominated Citrates ; the properties of which 
have been examined with care by Vauquelin, the results 
of whose experiments have been stated by Fourcroy *. 

The citrate of potassa is very soluble, and does not cry- 

* 

stallize but with difficulty, and is deliquescent: its taste 
is purely saline, and rather mild. It contains 55.55 of 
acid,, and 44>.4'5 of alkali. Citrate o( soda is likewise very 
soluble, retjuiring little more than its weight of water for 
its solution « it crystallizes in six-sided prisms, an{^ the 
crystals are slightly efflorescent. Their taste is faintly sa¬ 
line : the proportions of the solid salt are 60.7 of acid, 
and 39.3 of soda. Citrate of ammonia is equally or even 
more soluble than the others, and does not crystallize but 
when its solution is much concentrated ; the form of its 
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cl 7 stals is an elongated prism. It consists of 62 of acid, 

% 

and 38 of ammonia. , 

The earthy citrates are in general less soluble. When the 
solution of barytes is poured into the acid, a precipitate, so¬ 
luble in the liquid by agitation, is formed ; when the whole 
is saturated, the salt is deposited at first in the form of a 
powder, which is covered afterwards with a kind of rry- 
stalline efflorescence, and which a large quantity of water 
dissolves. It consists of 50 of acid, and 50 of base. When 
the, citric acid is saturated by lime, small crystals are de¬ 
posited, which are verjf spirringly soluble : 100 parts con¬ 
tain 62.66 of acid, and* 37.34 of lime. When saturated 
by magnesia, the concentrated solution does not easily 
crystallize regularly, but rather assumes the state of a 
white, opaque, and somewhat spongy salt. The propor¬ 
tions of the salt, are 66.66 of acid, and 33.34 of base. 

Vauquelin has likewise examined the action of citric 
acid on the metals. It does not dissolve silver, but it com¬ 
bines with its oxide, and forms a salt insoluble, of a harsh 
and strong metallic taste, and which, like the other salts 
of silver, is blackened by light: it is also decomposed by 
heat, leaving metallic ...silver intermixed with charcoal. It 
consists of 36 of acid, and 64 of oxide. Quicksilver is 
scarcely more acted on by citric acid, but its oxide com¬ 
bines with it: the red oxide, when added to the acid, causes 
an efFervesccnce, and'becomes w'hite and solid : the saltr 
is not perceptibly soluble in water, but is decomposed by 
it, the water becoming milky. It is decomposed by heat, 
and the oxide is reduced. Zinc is dissolved readily by a 
solution of citric acid, hydrogen gas being disengaged; 
and the solution, after some hours, cleposites small bril- 
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liaot crystals insoluble in water : 100 parts of this salt cotv* 
«tain nearly equal parts of acid and oxide.. Iron is dissolv¬ 
ed nearly in the same manner : the solution is of a brown 
colour, and by spontaneous evaporation it deposites small 
crystals. Evaporated by heat, it becomes black and pul¬ 
verulent. This salt is very soluble in water; its*taste is 
very astringent.: it ccmsists of 30.38 of oxide, and 69.62 
of acid. 

As aifording chemical characters by which this acid 
may be distinguished, it may be added, that solutions of 
the acetites of magnesia, lime$ and argil j of the,muriates 
of barytes, lime, argil, and magnesia; and of the nitrates 
and sulphates of these sul^stances, undergo no apparent 
change from the addition of citric acid. The muriates 
and nitrates of zinc, the sulphate, muriate, nitrate, and 
acetitc of copper, and the nitrate of lead, are not decom¬ 
posed by itbut the acetite of lead gives immediately a 
precipitate of a white powder. The nitrate and acetite of 
mercury are also immediately decomposed, and a precipi¬ 
tate of a brick red colour thrown down. The acetite and 
sulphate of iron in solution, receive from it a green tinge 
All the alkaline citrates are precipitated by the solution 
of barytes: th.e precipitate which they form with calca¬ 
reous salts, is soluble in less than 500 parts of water. 
The oxalic and tartaric acids decompose them, and form 
in their solutions crystallized or insoluble precipitates f. 

Citric acid, in its crystallized state, can be preserved for 

tihci Nicholson^s Journal, 4‘to, vol. ii. p. 45. 

Vauquelin, Fourcroy’s Chemistry, vol. vii. p. 286. 
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any length of time wlthont decomposition ; and a grate- 
ful lemonade may be prepared from it, by dissolving 30 or« 
40 grains in a pint of water, with the addition of a little 
sugar i and to communicate flavour, a little lemon peel, or 
powder formed by rubbing sugar on the fresh lemon. 
The lemon juice #iay be regarded as a specific in scupry, 
and there is every probability that the crystallized citric 
acid may be e<]ually effectual. 


SECT. XVITI. 

OXALIC ACID. 

It has been long known, that a crystahlzcd acid sak 
could be procured from the juice of some of the species 
of sorrel, particularly the Oxalis acetosella. Margraaf 
discovered the existence of potassa in this salt, and of 
course proved that it is not a pure acid j but the nature 
of the acid which it did contain, was for some time not 
well determined. Bergman discovered that sugar,when sub¬ 
jected to the action of nitric acid, affords an acid of a par¬ 
ticular nature, the properties-and combinations cf which 
he examined ; and some time afterwards, Schccle made 
the discovery, that the acid which exists in the salt of sor¬ 
rel is precisely of the same nature; that it may be ex¬ 
tracted from that salt and obtained pure \ and that, on the 
other hand, a salt perfectly analogous to the salt of sorrel, 
may be formed by combining the acid prepared from su- 
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' gai^ with such a quantity of potassa as shall still leave an 
excess of acid. To tliis acid» thus existing in the vegeta¬ 
ble kingdom) and capable also of being artificially formed, 
the name of Oxalic has been given. 

The native salt of sorrel) the super-oxalate of potassa, 
is extracted from the juice of the sorr^ by the following 
process The leaves of the plant are bruised with a littic 
water, and the juice expressed ; the impurities are allow¬ 
ed to subside, and the separation of any foreign matter is 
facilitated by heating it slightly: it is then clarified .by 
adding to it water, in which a'sm^l portion of fine clay 
has been suspended, and with whiCh it is agitated. The 
clarified juice is put into boilers of tinned copper, and is 
boiled gently, until a pellicle forms on its surface : it is 
then put aside for a month, in earthen vessels ; a salt cry¬ 
stallizes on the sides of the vessel, of a greyish colour; 
and fresh quantities of this are obtained, by renewing the 
evaporation and clarification. The whole salt is then pu¬ 
rified by a second crystallization, and is obtained perfect¬ 
ly white and well crystallized *. It is known in the shops 
under the name of Salt of Lemons, and is used principal¬ 
ly for removing stains from ink. It is prepared in some 
districts of Switzerland and Germany. 

Schecle obtained the acid from this salt, by adding to 
its solution in water a solution of acetate of lead prepar¬ 
ed with distilled vinegar, as long as there is any precipi¬ 
tation. The precipitate is the oxalate of lead. It is wash¬ 
ed with water, and decomposed Jby the addition of the 
due proportion of sulphuric acid; this being estimated 
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from the quantity of it, known by a previous c};pcrlment 
to be necessary for the decomposition of the quantity of 
acetate of lead employed* The oxalic acid rem&itis dis¬ 
solved, the sulphate of lead being precipitated, and is ob¬ 
tained by slow evaporation, in regular prismatic cry¬ 
stals ** 

^The same acid exists, in a similar state of combination, 
in other species of sorrel *, and it is found in other vege¬ 
tables. The earthy-like matter disseminated in streaks in 
the^ root of rhubarb, Scheele found to consist of oxa¬ 
lic acid, combined witlr lime f; and he found it also in 
the roots of many other plants, as bistort, liquorice, flor- 
entine orricc, squil, turmeric, tormentil, ginger, See, aiul 
in the barks of cannclla, cascarilla, cinnamon, q'oa.-sia, 
oak, elm, and others $. Deyeux found, that t!je ac’d juice 
contained in the fibres of chick pease was pure oxalic 
acid j though Dispan has since stated some imperfect ex¬ 
periments, in consequence of which he considered the 
acid obtained from this vegetable to be a peculiar one, to 
which he gave the name of Ciceric jj. 

'JThe artificial formation of this acid from sugar is ef¬ 
fected according to the process described by Bergman. 
One ounce of refined sugar, in powder, is mixed irt a tu¬ 
bulated retort, with three ounces of strong nitrous acid, 
the specific gravity of which is 1.567 i when the sohulon 
is completed, and the disengagement of nitric oxide gas 
which attends it has ceased, a receiver is to be luted, to 


* Crell*s Cliemical Journal, vol. i. p. 108. 
f Ibid, p, 34. if Ibid. vul. iii. p. 1. 
|j Annales de Chimie, tom. xxx. p. 179. 
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the retort, and the solution gently boiled. When, the li- 
^ quor*acquires a dark brown colour, three ounces more of 
nitrous hcid are to be poured on, and the boiling conti> 
nued until the coloured and smoking acid has entirely diS'- 
appeared. The liquor in the retort being poured out, on 
cooling there are formed in it numerous slender <frystal$» 
being quadrangular prisms, and which, when collected 
and dried on bibulous paper, weigh 109 grains. The re¬ 
maining liquor, boiled again with two ounces of nitrous 
acid until the red vapours begin to disappear, on coohng 
affords 43 grains of crystals. And if to the glutinous liquor 
which remains after this, therc^be added, at different 
times, small quantities of nitrous acid, amounting in all 
to two ounces ; on boiling it to dryness a saline mass is 
formed, brown, glutinous, and deliquescent, which, when 
perfectly dried, amounts to half a drachm, but in purify- 
ii>g loses nearly half its weight *. The quantity, how¬ 
ever, obtained of the acid in .this process, is liable to vary; 
for if the nitric acid be boiled too long, a portion appears 
to be decomposed, and the crystallized product is of course 
diminished. The crystals require to be rendered pure by 
repeated solutions and crystallization. 

The changes that are effected in this production of 
oxalic acid from sugar, are not yet perfectly ascertained. 
Oxygen is indeed communicated from the nitric acid; 
but it remains rather uncertain how this operates in the 
production of the acid. From the small quantity of acid 
obtained from a given quantity of sugar, it is obvious that 
it does not merely combine directly with the saccharine 
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matter so as to acidif]^ it: it therefore unites with por¬ 
tions probably both of its carbon and hydrogen^ forming* 
water and carbonic acid, and leaving the remaining ele¬ 
ments in those proportions, and in that state of combina¬ 
tion, which constitutes oxalic acid. There is also always 
a formation of malic acid, and the uncrystallizable resi-. 
dual liquor consists principally of this. • 

This acid is formed also from other vegetable substan¬ 
ces subjected to a similar process. Bergman obtained from. 
1QO parts of gum arable about 26 of acid } from 8 of al- 
koho'l, 3 parts ; and* frdm a great number of vege¬ 
table products, it may be obtained, as has been already ob¬ 
served, in greater or less quantity. It is even ailorded by 
some animal substances, being left when they have been 
acted on by nitric acid so as to disengage their nitrogen. 
The theory of its production in these cases must be the 
same. 

The acid obtained by these different processes, when 
perfectly freed from foreign matter, is precisely the same. 
It has been generally examined by chemists in the state 
in which it is .ifforded by the oxygenizement of sugar, as 
this process is less troublesome than esttracting it from 
the salt of sorrel. We are indebted to Bergman for a 
knowl<>dge of its principal properties and^combinations. 

Oxalic acid crystallizes in slender four.sided rhomboi- 
dal prisms, bevelled at each extremity, subject, however, to 
various modifications. The crystals are of a white colour, 
permanent in the air, or slightly efflorescent. Their taste 
is very sour, and they communicate this, as well as the 
power of reddening the vegetable colours, to a large quan¬ 
tity of water. Twenty grains give a sensible acidity to 

X 
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Uiree pints. They are soluble in twice their weight of cold 
e water, and in an equal weight of boiling water. They are 
also solulde in alkohol; 100 parts when boiling, taking 
. up nearly 56 of the acid, at an inferior heat not above 40. 
They dissolve in sulphuric ether, but with difficulty *, 
Exposed to heat, the water of crystallization is first 
dissipated, and the acid melts: when it begins to boil, it 
becomes brown, and is decomposed; a quantity of an a* 
. cid Hquor passes over; an acid powder is condensed in the 
neck of the receiver, which is the oxalic acid, extremply 
pure, the residuum being a btowh qf grey matter ; and 
‘ a large quantity of elastic fluid is disengaged during this 
decomposition, of which about one-half is carbonic acid ; 
the other is inflammable, and appears to be carbonic oxide, 
or a variety of carburetted hydrogen. About 100 cubic 
inches of this mixed aerial fluid are obtained from the ex¬ 
periment performed on half an ounce of the iprystals, of 
which, from the account Bergman gives of it, it is^ evi¬ 
dent that only part is decomposed. When the sublimed 
portion of acid is again subjected to the same operation, 
tt is partly sublimed, and partly resolved into an acid li- 
qobr not crystallizable; ’ and by repeating it a third time, 
the decomposition is completed. In this analysis it is to 
be remarked, as^Fourcroy has stated, that there is nq pro¬ 
duction of empyreuihatic oil; which appears to prove, 
that this acid contains little hydrogen in its composition, 
but that its chief constituents are carbon and oxygen; 
and as the other vegetable acids ^re resolved into it by the - 
actum of oxygen, it probably contains a large propor- 
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OXALIC ACID. 


323 


tion of this .principle. According to Fourcroy *, Vanque- 
lin and he found in their investigations! that it is.compo- * 
sed of 77 of oxygen, 13 of carhon, and 10 of hydrogen. 

Oxalic acid is decomposed by the more powerful mi¬ 
neral acids. Sulphuric acid renders it brown, and when 
boiled on it entirely decomposes it. Nitric acid dissolves 
it, and when heat is applied becomes yellow; on cooling, 
crystals are again deposited ; but if this operation be fre¬ 
quently repeated, the oxalic acid is at length destroyed. 
Mirtriatic acid dissolves the crystalliacd oxalic acid, when 
assisted by heat, without decomposing it. $ 

Oxalic acid combines with the alkalis and earths, form¬ 
ing salts, named Oxalates, of which some arc soluble and 
crystaliizabie, but the greater number are of sparing so¬ 
lubility. 

Oxalate of potassa, when exactly neutral, Is hot easily 
crystallized f but, if there be a slight excess, either of a- 
cid or of alkali, crystals are formed without difficulty. It 
is very soluble ; and its solution, on evaporation, becomes 
gelatinous. When there is an excess of acid, crystals 
are easily obtained ; they are deposited merely by drop¬ 
ping a solution of potassa into a solution of oxalic acid, 
and, when formed by evaporation, are regular, 'and near¬ 
ly of the same form as the acid itself. The native salt of 
sorrel, it has been already observed, is a super-oxalate of 
potassa. It occurs generally in small irregular crystals, 
permanent in the air: its taste is sour, and it reddens im¬ 
mediately the vegetable colours. It is very Soluble in wa¬ 
ter, especially in boiling water, which, according to Wen- 
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zel) dissolves two-thirds of its weight. Its solution does 
not dec 9 nipose spontaneously as those of almost all the 
salts containing acids of vegetable origin do. The strong¬ 
er acids decompose it partially with^ difi^culty : the alka¬ 
line, and some of the earthy bases, as barytes and mag¬ 
nesia, enter into combination with its principles, and 
form triple safts. Lime decomposes it entirely by at¬ 
tracting its acid. It is decomposed by heat; an acid li¬ 
quor being distilled over, which appears to b.e oxalic acid 
with little alteration. ' 

b s * 

Oxalate of soda is not very soluble, and can scarcely 

C 

be obtained in regular crystals. It is separated, in its 
formation by the combination of its principles, in crystal¬ 
line grains. This salt is also disposed to combine and 
crystallize with an excess of acid. 

Oxalatfe of ammonia, formed by saturating water of 
ammonia with oxalic acid, is obtained by sibw evapora¬ 
tion in quadrangular prisms, in which there is an excess 
of acid, and which are soluble in water, but not in aiko- 
hol. When exactly neutralized, it appears to be still more 
soluble. 

Oxalate of barytes is deposited in pellucid angular 
crystals, when oxalic acid is saturated by the addition of 
barytic water: they are scarcely soluble in waterboiled 
in distilled water, they split and fall to powder, but, on 
cooling, the small portion which is dissolved, again forms 
into similar crystals} the salt, by the agency of the wa¬ 
ter in diis experiment, being apparently converted partly 
into a sub-oxalate, and partly into a super-oxalate. Oxa¬ 
late of strontites is likewise insoluble. With lime, in any 
state of combination, oxalic acid immediately combines, 
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and forms a compound of very sparing solubility, which 
is precipitated in the state of a powder. According to 
Bergman’s estimate, 100 parts of this salt consist of 48 
of acid, 46 of lime, and i6 of water. The compound is 
not easily decomposed by any single affinity, and, from its 
insolubility, as well as the force of attraction which its 
principles mutually exert, lime is the mpst delicate test 
to discover the presence of oxalic acid, as this acid is to 
discover the presence of lime. Oxalate of magnesia ap¬ 
pears, when formed by saturating oxalic acid by magne¬ 
sia, in the form of a vdiito powder, not soluble either in 
water or in alkohol, aad consisting of about 35 of mag¬ 
nesia, and 65 of acid. Oxalate of argil is formed by di¬ 
gesting pure argil in oxalic acid: the solution on evapo¬ 
ration does not yield crystals, but a yellowish pellucid 
mass, of a sweetish astringent taste, which, when dry, 
deliquesce^in a moist atmosphere : it is sparingly soluble 
in alkohol. Bergman states the proportions of its consti¬ 
tuent parts at 44 of earth, and 56 of acid and water. 

Oxalic acid acts on several of the metals, especially 
those which are capable of decomposing water so as to 
pass to an oxidized state ; it unites with their oxid^; and 
it decomposes a number of the metallic salts. The prin¬ 
cipal metallic oxalates have been described by Bergman, 
and a few facts with regard to them have been added by 
Fourcroy. 

O^ oxide of gold it scarcely exerts any action but 
blackening it. It dissolves precipitated oxide of platina, 
and forms a yellow liquid which affords crystals of the 
same colour. It precipitates oxide of silver from its so¬ 
lution in nitric acid, forming with it a lyhite powder 

X3 . * 
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scarcely soluble in water» and still less so in alkobol; so¬ 
ciable in nitric acid, and blackened by the action of the solar 
rays. When heated in a spoon oven burning fuel, it is 
dispersed with a kind of fulmination. Oxide of mercu¬ 
ry is dissolved by the acid, forming a white pulverulent 
salt, which is not soluble in water unless it has an excess 
of acid, and winch is blackened from exposure to the sun. 
The same combination is obtained by adding oxalic acid 
to a solution of nitrate or muriate of mercury. It fulmi¬ 
nates sensibly when heated. Copper, even in the metal¬ 
lic state, is dissolved by this aeid }*and with still more fa¬ 
cility when it has been previously<4)xidizcd : a powder is 
formed of a pale blue colour, scarcely soluble in water. 
A similar compo.und is precipitated when the acid is add¬ 
ed to a solution of any of the salts of copper. Iron is 
likewise dissolved by it with a disengagement of hydro- 
- gen gas; the solution h-as an astringent sweetness, and, 
when prepared without heat, exhibits prismatic crystals 
of a greenish-yellow colour, easily soluble in water, and 
which retain an excess of acid. The solutions of iron 
highly oxygenized, are precipitated by the acid in the state 
of a pbwder of a fine red colour. Lead digested with 
oxalic acid is corroded, but scarcely dissolved; but when 
in the state of an oxide combines with it, and the solu- 
tion, when approaching to saturation, forms crystalline 
grains, which subside, and which are scarcely soluble in 
water, except from an excess of acid being added,.and 
not at all in alkohol: this precipitation happens too 
when of the salts of lead is decomposed by the acid. 
Oxalate of tin is formed by the action of the acid on the 
metal assisted by heat: the solution has a styptic taste, 
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and exhibits prismatic crystals* or when evaporated quick¬ 
ly to dryness a hom-like m^ss. Zinc is dissolved by the • 
acid with facility, and with a strong effervescence, from 
the disengagement of hydrogen gas; a white powder is 
formed, not soluble in water, unless from an excess of a- 
cid. With oxide of bismuth, it forms a white pulveru¬ 
lent salt, scarcely soluble in water; an<^ a similar com¬ 
pound in transparent grains is slowly deposited on the ad¬ 
dition of oxalic acid to nitrate of bismuth. Nickel di¬ 
gested with it is covered with a greenish-white cruSt \ 
and a powder of a similar ‘appearance is^precipitated by it 
from the salts of nickd : this powder is soluble ih water 
in small quantity, and assumes a yellow colour. Cobalt 
is dissolved by it, or rather is converted into a powder of 
a pale rose colour, scarcely soluble in water, but becom¬ 
ing soluble from an excess oif acid; and a similar com¬ 
pound is formed by the addition of the acid to any oi the 
salts of cobalt. Black oxide of manganese effervesces with 
oxalic acid, probably from the disengagement of oxygen 
gas j and the saturated solution deposites a white powder 
scarcely soluble in water, unless the acid be in excess t 
this is also formed by the addition of the acid to the so¬ 
lutions of manganese. Antimony in the state of oxide is 
dissolved slowly: the solution in which the acid is pre¬ 
dominant, affords crystalline grains, which are scarcely 
soluble in water. White oxide of arsenic is easily dis¬ 
solved ; and the solution on evaporation affords prismatic 
crystals, which, melting with a gentle heat, emit the su¬ 
perabundant acid: they are still soluble in water and kl- 
kohol \ and are sublimed and decompos^ed by heat. 

Qxalic acid is scarcely applied to any use except as a 
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chemical test. It has already been stated, that It is one 
•extremely delicate in detecting the presence of lime. Ac¬ 
cording to Bergman, one grain of the concrete acid of the 
size of a pin’s head, ^iscovers one grain of pure lime in 
42.250’grains of water by the cloud it produces. It is 

I 

rendered less delicate by the presence of any free acid ei¬ 
ther existing in‘the liquid containing the lime, or disen¬ 
gaged from a state of combination with the lime itself; and 
hence such acid ought to be saturated previously by an ad¬ 
dition of ammonia, or oxalate of ammonia, instead of pi:re 
oxalic acid, should be used. Brugnatelli published some 
experiments to prove that oxalic acid is a less delicate and 
less accurate test of lime than is generally supposed ; and 
that this earth is not indicated by it when it is known to 
exist, or when it is detected by other tests *. Darracq 
repeated these experiments, and found them incorrect, ex¬ 
cept in so far as regards the effect of an excess of any 
acid in preventing the precipitation of oxalate of lime 
which had been before known to chemists, and which 

t 

Can be obviated by the methods pointed out f. 

Super-oxalate of potassa, the native salt of sorrel, is used 
under £he name of Salt of Lemons, to remove ink-stains 
from linen ; an effect it produces by the oxalic acid dis¬ 
solving with facility the oxide of iron in the ink, on the 
combination of which with the tannin and gallic acid the 
colour depends ; while, at the same time, it can be used 
without any risk of injury to the cloth, on which it does 
not act. 

♦ Annales de Chimie, tom. xxix. p. 174. 
f Ibid. tom. xl. p. 68. 
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Si'CT. XIX. 

TARTARIC ACID. 

A SALINE matter is deposited from wine» during the 
progress of the slow fermentation it suffers on keeping, 
which has been long known by the name of Tartar, and, 
wbftn purified, from the colouring matter which adheres 
to it, by that of Crystal's oi* Cream of Tartar. It was al¬ 
so known to the chemhts, that an alkali, potassa, could 
be obtained from it, by calcining it with a moderate heat; 
and it was by this process, indeed, that this alkali was 
generally obtained for chemical and %iedicinal use. It 
was maintained by some of the older chemists, Lefevre, 
Glazer, and others, that this alkali pre-existed in the salt ; 
and this was more clearly established by the experiments 
of Duhamel, Margraaf, and Rouelle. The aqid which 
exists in it*is in excess, so as to be sufficiently obvious by 
the sour taste and acid powers of the salt. Scheele gave 
the process by which it could be extracted, and thus dis¬ 
covered the properties of this acid in its pure state. 

Tartar, or super-tartrate of potassa, as it is properly 
named, is not, as some chemists have imagined, the pro¬ 
duct of fermentation. The experiments of Boerhaave, 
Neuman, and other chemists, have .proved, that it is con¬ 
tained in the juice of the grape previous to its conversion 
into wine. It has also been discovered in other fruits, 
particularly in the tamarind ; and it is said to exist in the 
roots of sage, germander, and some other plants. It ex- 
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ists in these, however, in smell quatttitjr,.and it is the de- 
posite from wine that is met with in commerce. It is 
named Red or White Tartars according as it is more or 
less coloured, from part of the colouring matter of the 
wine adhering to it. Besides this, it is rendered impure by 
the presence of some other substances, particulai^'tartrate 
of lime. It is purified by dissolving it in water, «id boil¬ 
ing its solution udth a small quantity of fine clay diffused 
thrqugh it. This attracts the colouring and extractive 
matter, and the solution, on cooling, afibrds crystals qf a 
white colour. These form the pifrified tartar, or crystals 
of tartar of commerce, in which,•with the super-tartrate 
of potassa, there may still exist a small portion of tartrate 
of lime. 

The process wUch Scheele employed to extract the 
acid from this salt, consisted in dissolving any quantity of 
the purified super-tartrate in boiling water, and throwing 
into it chalk in powder, as long as any effervescence was 
excited, and until the acid was entirely saturated, as was 
indicated by the liquid not reddening the vegetable colours. 
The lime of the chalk combines with the excess of tar¬ 
taric acid in the super-tartrateand this tartrate of lime 
being insoluble, is precipitated, while neutral tartrate of 
potassa remains in solution. The tartrate of lime,.well 
washed with water, is put into a glass-matrass : a quan¬ 
tity of sulphuric acid equal to that of the chalk employed, 
and previously diluted with half its weight of water, is 
added. This is digested in a sand-bath for twelve hours, 
stirring the mixture occasionally. The sulphuric acid 
combines with the lime, and forms the sulphate of lime, 
w|^ch is~ nearly insoluble: the tartaric acid is dissolved 
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by the water: the solution is poured off, and the remain¬ 
ing sulphate of lime is washed with water^ wluch is add- , 
ed to this solution. To ascertain that no sulphliric acid 
is present, a few drops of acetate of lead are added, which 
forms a precipitate, soluble in vinegar if the tartaric acid 
be pui^, insoluble if it be contaminated with sulphuric 
acid. If the lattej^ be the case, it is digested with a little 
tartrate of lime, and the sulphuric acid is thus abstracted. 
The solution is then evaporated, and the tartaric acid is 
obtained in a crystallized form, equal in quantity to about 
one*third of the supef-tartrate that has been employed. 
Muller has given the proportions to be employed in this 
process with more precision. They are 6 lbs. of chalk dif¬ 
fused in 36 lbs. of boiling water, and as much super-tar¬ 
trate of potassa as this quantity of chalk saturates : There 
are then to be added to the tartrate of lime, diffused in a 
larg^ quantity of water, 6 lbs. of sulphuric acid, of the 
specific gravity of 1.817, with which 6 drachms of nitric 
acid have been mixed *. The sulphuric acid does not ap¬ 
pear, in Scheele*s process, to be sufficiently diluted, sb as to 
prevent it entirely from acting on the tartaric acid. Lqw- 
itz has remarked, that it ought to be diluted with at least 
four timea its weight of water f. 

In^ this process, it is only the excess of tartaric acid 
contained in the super-tartrate that is obtained; and q 
quantity of it still remains combined with the potassa, 
which the chalk is not able to decompose. It has there¬ 
fore been proposed to employ lime instead of chalk, by 


* Annales de Chiinie, tom, vi. p. 38. 
-1* Ibid, Tol. xxxiv. p. 180. 
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wluc^ the decomposition is complete, and the whole of 
the tartaric acid abstracted; but in this case, as Vauque- 
lin has remarked, part of the tartrate of lime is prevented 
from precipitating by the action of'the pure'alkali; and 
it is therefore doubtful if this method is preferable to the 
process of Scheele. 

It has been proposed, too, to obtaiq this acid by dis¬ 
solving one pound of super-tartrate of potassa in six pounds 
of water, and adding a quarter of a pound of concentrat¬ 
ed sulphuric acid. But this method is very imperfect, 
the alkali being merely shared between the two acids, 
and no pure tartaric acid obtained# 

. This acid has received its name from the substance 
from which it is always obtained. It was until lately 
named the Tartarous Acid ; but the* propriety is now ac¬ 
knowledged of giving the names of all the vegetable acids 
the same termination, and hence it is denominated Tar¬ 
taric Acid. 

The form of the crystals of this acid has been very 
variously described. 1 have obtained it in thin broad 
tables,—a form described by Bergman and Fourcroy; but 
it is also said to occur in ptisms and in pyramids. When 
pure, the crystals are nearly transparent. Their taste is 
very sour, and a small portion immediately reddens the 
vegetable colours. 

This acid is very soluble in water, so that a concentrat¬ 
ed solution can be obtained of nearly an oily consistence. 
It is nqt very liable to spontaneous decomposition, espe¬ 
cially if the solution is not very largely diluted. 

Exposed to heat, it is decomposed: a considerable 
quantity of an acid liquor is obtained, which was former- 



TARTARIC ACID. 


88S 


>y considered as a peculiar acid, and received the name of 
Pyro«tartarous, but which Fourcroy and Vauquelin have • 
shown to be acetic acid, diluted, and disguised by a small 
portion of empyreumatic oil *. With this acid, a quan¬ 
tity of oil which separates from it is condensed in the re- 
% 

ceiver: much aerial fluid, consisting of carbonic acid and 
carburetted hydrogen, is disengaged, and*a bulky coal re¬ 
mains. According to Fourcroy’s statement of the result 
of its analysis by himself and V.auquelin, it consists of' 
'ZO.o of oxygen, 19 of carbon, and 10.5 of hydrogen,—a 
larger proportion of carbo'n, and less of oxygen, than 
what enter into the composition of oxalic acid. It is con¬ 
verted, according to the experiments of Hermbstaedt, in¬ 
to this acid, by distilling from it repeatedly six times its 
weight of nitric acid; 360 parts of the tartaric acid, accord¬ 
ing to these experiments, yield 560 of crystallized oxalic 
acid,—a quantity which w'ould prove, if sufiiciently estab¬ 
lished, the fixation of a very large proportion of oxygen +. 

This acid combines witli the alkalis and earths, formihg 
salts *, which, while it had the name of Tartarous acid, 
were denominated Tartrites, but which are now named 

f 

Tartrates. It appears to have a peculiar tendency to form 
triple salts, which crystallize with great regularity, and ex¬ 
hibit marked properties, and some of which are important 
from the uses to which they are applied. 

The neutral tartrate of potassa is not formed by the 
direct combination of its acid and base, but by saturating 
the excess of acid in the super-tartrate, by the addition of 

* Annales de Chimie, tom. xkxv. p. 172, 
f Fourcroy's System, vol, vii, p. 351. 
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th4 requisite proportion of alkali; a quantity of carbonate 

« 

c of potassa being dissolved in boiling water, and super-tar« 
trate of potassaan fine powder Being added in small quan* 
titles, at a time, diffusing it well through die solution by 
constant stirring, as long as there is any efiervescence, 
and until exact neutralization is attained. The solution 
is filtered, and as it is not easily crystallized, it is at once 
evaporated to dryness, when this salt is prepared for me> 
dicinal use. Being much more soluble than the super¬ 
tartrate, it was formerly named Soluble Tartar. 

Though difficult of crystalirzation, yet when its satu¬ 
rated solution is allowed to st4nd for some months, large 
and regular crystals form, which are tetracdral prisms, 
bevelled at each extremity, and usually aggregated. Its 
taste is bitter; it is deliquescent in a humid atmosphere, 
and is very soluble in water, not requiring four times its 
weight of cold water for its solution. When in solution, it 
decomposes spontaneously when kept for some time, or ra¬ 
ther its acid suffers this change, so that at length its alka¬ 
li remains in the state of a carbonate. A similar decom¬ 
position, as to.the ultimate result, is effected by heat. It 
is very susceptible of decomposition, from the action of 
other acids, which abstract from it so much of its acid as 
to reduce it to the state of super-tartrate. 

This salt, the super-tartrate of potassa, requires notice ' 
as a distinct one, as its composition is determinate, and its 
properties well marked. Its origin,* and the method of 
purifying it, have been^already stated. It occurs in small 
crystalline masses, the figure of which can scarcely be de¬ 
termined } of a white colour, and semi-transparent; brittle, 

* 

dud reduced to powder, and having a sour taste. 
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This salt requires a considerable quantity of water for 

its solution ; about sixty parts of cold, or thirty,of boiling 
water. This solution decbmposes spontaneously when 
long kept; the principles .of the acid entering into new 
combinations, and leaving the alkali: and by this simple 
experiment, the older chemists demonstrated, that the al¬ 
kali pre-exists in this salt, and is not formed by the cal¬ 
cination by which it is usually obtained. 

The sparing solubility of this salt, affords us the best 
test„to discover tartaric acid ; a solution of potassa, when 
added,.so as to leave an excess of acid, forming a turbid 
fluid, from wliich, in a short time, small crystals of the 
super-tarrrate subside. It is also the best test we have to 
distinguish potassa from soda. 

When super-tartrate of potassa is exposed to a strong 
heat, it is fused, becomes of a black colour, and is decom¬ 
posed : it gives a large quantity of empyreumatic acetic 
acid, an oil, with carbonic acid, and carburetted hydrogen 
gases, the alkali remaining in the state of carbonate, mix¬ 
ed with charcoal. A quantity of carbonate of ammonia 
is also said to sublime : from which it might be inferred, 
that nitrogen enters into the composition of the acid: 
but the fact is not well ascertained, and a small quantity 
produced might arise from foreign matter contained in 
the salt. This process of decomposing this salt by heat, 
was that formerly employed by chemists to obtain carbo¬ 
nate of potassa : it was performed in a crucible, and the 
residual matter was lixiviated with water, and then eva- 
porated : and it has been supposed, that it affords the d- 
kali purer than as it is procured by other processes. 

From the tendency of tartaric acid to form ternary com¬ 
binations, this salt exerts peculiar actions on a number of 
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substances. Thus it unites both with soda and ammonia, 
and with..each forms ternary coni|>ounds. Thenard has 
found,'that it may even admit the combination of certain 
proportions of lime, barytes, or strontites j for althougb 
when large (piantities of these earths are brought to act 
upon it, they decompose it and abstract the tartaric acid, 
yet when they are added In a state of solution in small 
quantity, they occasion no decomposition, but enter into 
combination with its principles the liquid remains trans¬ 
parent, up nearly to the point at which the acid of the 
super-tartrate is saturated, by the earth added and if 
this point be not exceeded, there will be formed oii the 
sides of the vessel, transparent crystalsj in which analysis 
detects the presence of the acid, the alkali, and the earth 
that has been added. Magnesia and argil likewise enter 
into similar combinations, but form compounds which 
are not crystallizable *. A singular elTect produced on it 
by borax, or even by pure boracic acid, is, that of increas- 
ing greatly its solubility in w'alcr, or rather forming with 
it a very soluble compound : one part of boracic acid, ac¬ 
cording to Lassone, with four parts of the super-tartrate, 
being soluble in six or eight times its weight of water. 
It acts too on several of the metals, and forms triple com¬ 
binations, some of which have been used in medicine. 

According to Thenard’s estimate of the composition of 
super-tartrate of potassa, it consists of 57 of acid, 33 of 
alkali, and 7 of water. 

Tartrate of soda crystallizes in Hne needles, or in thin 
plates: it is soluble in water, but if combined with an ex¬ 
cess of acid its solubility is diminished. 


Nitholsoii’tf Journal, 4to, vol. v, p. 268. 
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A triple salt, the Tartrate of potassa and soda, has bees 

long used in medicine, and known under the name of * 

Rochelle Salt. It is prepared by saturating the excess of 

acid in*the super-tartrate of potassa, by the addition of 

the requisite quantity of carbonate of soda a small quan- 
*• • 

tity of tartrate of lime, derived from the tartar, is gene¬ 
rally precipitated in consequence of tlie Saturation } the 
liquor is strained, and, up evaporation and cooling, affords 
very regular crystalj, ihomboidal isix or eight sided prisms, 
hard and transparent. They are permatient in the air, 
soluble in about five parts of cold water, and in less warm 
water, and consist, *ac*cording to the manner in which 
Vauqueliu has stated their composition, of 54 parts of 
tartrate of potassa, and 46 of tartrate of soda. 

'^rtrate of ammonia is a very soluble salt, which how¬ 
ever crystallizes in slender prisms. The taitrate of po¬ 
tassa and ammonia, formed by saturating the exc^s of 
.acid in the super-tartrate of potassa by ammonia, forms a 
salt, soluble, and which crystallizes very regularly in hex- 
aedral prisms accun\inated by six planes. 

The binary coinb'mations of this acid with barytes and 
lime are insoluble in water/ but may be dissolved by an 
excess of acid. Those of magnesia and argil, theugh so¬ 
luble, <ire not crystallizable, their solutions forming, on 
evaporation, viscid or gelatinous m^asses. The ternary 
compounds which these form, when potassa enters into 
the combination, have already been noticed. 

a 

Tartaric acid is capable of acting on the metals, at least 
on those which are capable of decomposing water, so as 
to be oxidized; and it readily combines with the oxides 
of the others. Few of these combinations, however, have 



TiCRTARIC ACIC. 


S3S 

been examined^ or are of importance. The acid does not 
precipitate the solutions of gold, platina, or silver; but its 
salts do,^ from the exertion of a double affinity. In the 
same way it may be combined with oxide of mercury, and 
forms an insoluble compound. It unites with oxide of 
copper, and forms a compound of little solubility, of a 
green colour. It acts on iron in its metallic state, and dis> 
solves it with effervescence •, the solution, on evaporation, 
does not crystallize, but becomes gelatinous. On zinc 

its action is’ similar. It combines with the oxides of tin 

« 

and lead, decomposing their solutions, and forming com^ 
pounds of a white colour. In the $*ame manner it preci¬ 
pitates the solution of bismuth of a hne white colour, 
forming what has been known under the name of pearl 
white. It dissolves the oxides of antimony, forming a 
compound which crystallizes irregularly and with diffi¬ 
culty. 

Ternary combinations can also be easily formed, by 
subjecting metals or their oxides to the action of super¬ 
tartrate of potassa. Thenard has examined several of 
ihese } and one of them, that with oxide of antimony, 
has been long an object of attention to chemists, from its 
extensive medicinal use. 

According to Thenard, the alkaline tartrates (as he 
names these compounds) of manganese, iron, zinc, and 
tin, are very soluble, and are of difficult crystallization : 
they are not decomposed, either by the pure alkalis or the 
alkaline carbonates, but are decomposed by sulphuretted 
hydrogen, the hydro-sulphurets, and the gallic acid. The 


* Nicholson’s Journal, 4to, vol. v. p. 269. 
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alkaline tartrates of silver and of mercury sulFer decom- 
position, however, not only from these agents, ^ut like¬ 
wise from the alkalis, either pure or in the state of car¬ 
bonate. The alkaline tartrate of lead is not soluble •, that 
of.copi^er is distinguished by its saccharine taste, and the 
great quantity of metal which it contains. The tartrate 
of potassa and antimony is by far the most impor¬ 
tant of these combinations: it is the substance which 
has been long used in medicine under the name of Eme¬ 
tic Tartar,’ and which is superior to all the other antimo- 
nial preparations, in the certainty and uniformity of its 
operation. The method of preparing it and its proper¬ 
ties, have already been taken notice of under the history 
of antimony. 

Tartaric acid, in its pure state, is not applied to any 

% 

use ; and of its combinations, some only are employed in 
the practice of medicine. 


SECT. XX. 

BENZOIC ACID. 

It. has been remarked, in treating of the balsams, that 
they all contain a peculiar acid, which is obtained from 
them by the application of heat. The concrete balsam, 
named Benzoin, being that from which it is usually pro¬ 
cured, ithas received the name of Benzoic Acid. 

'The common process for obtaining it is extremely sim¬ 
ple. A quantity of benzoin being reduced to coarse 

T 2 



CENZOIC ACID. 


S4.0 

powder, is put into an earthen pot or matrass, to tne 

* mouth o/ which a large paper cone is adapted ^ a moderate 
heat is applied *, the benzoin mehs, and at the same time 
the acid is volatilized iit white vapours : these condense, 

• and adhere to the sides of the cone in small brilliant 
crystals, which, when the sublimation is slow, appear in 
the form of long slender prisms. The paper cone is 
changed as it becomes warm, a new one is applied, care 
being taken through the whole operation not to raise the 
heat too high, as then a quantity of oily matter is volati¬ 
lized, by which the acid is coloured brown. If the heat 
be applied as long as ^ny product is volatilized, a larger 
quantity of benzoic acid is obtained than by any other 
process: Chaptal recommended this method, purifying 
the acid by repeated solution and crystallization \ but it 
is difficult to separate the oily matter from it entirely. 

Geoffiroy long ago discovered that this acid might also 
be extracted from benzoin by the action of boiling wa¬ 
ter } the water, after having been boiled on the b^inzoin 
in powder for some time, being filtrated, affonls crystals 
of the acid on cooling. 

Scheele proposed another method of obtaining It in the 
humid way more economical. ¥our parts of benzoin in 
powder and one part of slaked lime are mixed with 24< 
parts of water, and boiled with it for half an hour. The 
benzoic acid combines with the lime, and forms a com¬ 
pound soluble in water. The undissolved matter is al¬ 
lowed to subside, and the liquor when clear is poured 
off: a fresh quantity of water is boiled on the residuum, 
and the ley thus obtained is added to the former; and 
this is repeated for a third tinje. The whole is to be rc- 
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<luced by evaporation, and to tbe concentrated ^solution 

* 

there is to be added gradually muriatic acid, until it be 
sensibly acid; the muriatic acid combines with the lime, 
and the muriate of lime is dissolved by the water; the 
benzoic acid being insoluble in cold water is precipitated 
in a powder of a brownish colour : this is washed with a 
little water, is then dissolved in boiling 'if'ater, the solu¬ 
tion is filtered, and as it cools colourless crystals of ben-' 
zoic acid form. About 14 drachms are obtained by this 
process from one pound of benzoin. Gren introduced a 
slight modification of if, by boiling the t»enzoin with car¬ 
bonate of soda, and adding to the filtered liquor diluted 
sulphuric acid, so as to precipitate the acid of benzoin ; 
the only advantage of tins is, that it is supposed to be 
more economical, from the sulphuric being less expensive 
than the muriatic acid. 

Mr Brande has given the following as the quantities of 
benzoic acid, obtained by these processes, from one pound 
of benzoin. 



QZ. 

dr. 

«cr. 

P- 

By Scheelc*s, 

1 

6 

2 

19 

<— Chaptars, 

2 

0 

0 

0 

— Geoffrey’s, 

1 

0 

0 

10 

.— Gren’s, 

1 

*5 

1 

10* 


It has already been observed, under the history of the 
balsams, that there is every reason to conclude, that in 
these processes the benzoic acid is not actually formed, 
as some chemists have imagined, but is merely extracted. 


* l!^ichoIson’a Journal, vol. x. p.. 8S. 
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A fact observed by Mr Hatchet with regard to its pro- 
^ duction, might favour, however, the former opinion, or 
at least lead to the conclusion, that the quantity of acid 
is increased by a new formation of it. He found, that 
the balsams, when they had been mixed with sulphuric 
acid, afforded a considerable quantity of benzoic acid by 
sublimation, ai^d that some even, as dragons’ blood, af¬ 
forded it when subjected to this treatment, which did not 
afford it when exposed to heat alone *. But it is not im¬ 
probable that the acid may merely facilitate its separation, 
by the action it eVerts on the-resinous matter, and per¬ 
haps by preventing the formation of empyreumatic oil, 
so as to allow of the heat being raised higher or applied 
for a longer time. 

Benzoic acid is likewise formed in the animal system^ 
It is found particularly in the urine of the horse, cow, and 
other gramenivrous animals. Fourcroy appears to sup¬ 
pose, however, that it is derived from some of the grasses 
on which these animals feed. It is also sometimes found 
in the urine of children, and in general is more or less 
present when phosphoric acid is deficient. 

Benzoic acid is, according to the method in which it 
has been obtained, in soft-like flakes, or in slender needle¬ 
like crystals, frequently of considerable length; when 
pure, white and brilliant.' Its taste is pungent, and slight¬ 
ly acidulous. It has a peculiar odour, somewhat aroma¬ 
tic, and which becomes strong when it is heated and vo¬ 
latilized. This was considered as essential to it; but, 
from the experiments of Giesse, it appears to be not so, 


* Philosophical 'I'ransactions, 1805. 
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benzoic acid having been obtained by him perfectly ino¬ 
dorous, without any of its other qualities being changed. 
This he effected by combining the acid with a solution of 
potassa, and precipitating it from this combination by 
muriatic acid. On each repetition of this experiment, 
the odbur diminished, and, after the third, it had entirely 
disappeared. Another process, more siiqple, and equally 
successful, was to dissolve the odorous acid in as small a 
quantity as possible of atkohol: to drop into the solution 
wqter until the acid was precipitated: this acid, when 
dried by a gentle heat/ was found to be inodorous ; the 
small quantity of oily<matter derived from the balsam to 
which its odour is owing remaining combined with the 
nlkohol *. 

This acid is volatilized by heat, as is evident from the 
manner in which it is prepared, and its vapour is acrid 
and suSbeating: it is also fusible ; and when it has be¬ 
come solid after fusion, its surface exhibits a stellular ra¬ 
diated appearance. Heated .on burning fuel, it inflames. 
Urged with a strong fire in close vessels, the portion that 
is not immediately sublimed is decomposed, and affords 
an acid liquid, a quantity of oil more abundant than what 
is produced in the decomposition of any other vegetable 
acid,: carbureUed hydrogen is also disengaged in a consi¬ 
derable proportion, and a small quantity of charcoal is left 
in the retort. This decomposition is more completely ef¬ 
fected when the volatilization of the acid- is prevented by 
previously mixing it with sand. The results show, that 
it is composed of the usual principles of vegetable matter. 


* Philosophical Magazine, vol. xiv. p. 331. 

Y4 
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an<i| compared with the other vegetable aculsj that hjrdro- 
'gen predominates,in its-coropjos!tion, to whichi probably, 
its volatility and iniiammabil'ty are owing. 

It is scarcely soluble in cold water. According to 
Wenzel and LicLunstein, 400 parts of cold water are re¬ 
quired for dissolving one part of it i while the sam^ quan¬ 
tity of boiling water can dissolve 20 parts of it, 19 of 
which again separate by crystallization on cooling. Its 
hot solution reddens the infusion of litmus.. Alkohoi 
dissolves it abundantly; * and it is precipitated from this 
solution by the addition of cold water. 

Benzoic acid is not. easily decomposed by the mineral 
acids. Sulphuric acid dissolves it; and, on the addition 
of water, the benzoic acid is again separated unaltered, a 
small portion of it having been deconiposed, as, according 
to Bergman, a little sulphurous acid is formed. Nitric 
acid likewise dissolves it, and water equally separates it 
from this solution unaltered ; but if the acid be distilled 
from it, it suffers, according to Hermbstaedr, some che¬ 
mical change. 

This acid unites easily with the alkalis and earths. Its 
Mlts are denominated Benzoates : their properties are not 
important, and have not been very fully described. 

Benzoate of potassa is obtained in acicular crystals, 

which are soluble in water, and deliquescent. Benzoate 

* 

of soda is equally soluble and crystallizable, but, accord¬ 
ing to Bergman, does not deliquesce. Benzoate of am- 
• monia is possessed of the same properties; is volatile, and 
easily decomposed. Benzoate of barytes, unlike many of 
the barytic salts, is likewise very soluble, and crystallizes 
without difEculty. The same may be said of benzoate of 
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lime. The benzoates of magnesia and argil are soluble^ 
crystaliizable, and deliquescent. , 

The combinations of benzoic acid with the me*tals have 
been made the subject of experiment by TrommsdorC 
He boiled, either on the metal in a state of mechanical 
division, or on its oxide, the acid of benzoin,^ with as 
much water as was sufficient for its solution ; and by this 
general experiment established the following .results : 
With oxide of gold, a solution was obtained which shoots 
intp irregular crystals, w'hich are permanent m the air, 
dissolve with difficulty in Water, and scarcely at all in al- 
kohol. The oxide of* silver is scarcely dissolved ; but a 
benzoate of this metal is obtained, by adding benzoate of 
potassa to a solution of nitrate of silver : a precipitate is 
thrown down, which is soluble in hot water, but precipi- 

it 

tates again on cooling, and which, like the other salts of 
silver, is blackened by light. The solution of oxide of 
platina affords minute aggregated crystals, permanent in 
the air, difficultly soluble in water, and insoluble in alko- 
liol. The solution of oxide of quicksilver affords by eva¬ 
poration a white brilliiuit mass, somewhat soluble In alko- 
hol, but not sensibly soluble in water. Oxide of copper 
is easily dissolved by the acid, and a solution obtained, 
whiqh shoots into small pointed crystals of a dark green 
colour, difficultly soluble in water, and insoluble in alko- 
hol. Oxide of tin is not dissolved. Lead is somewhat 
eroded, and its oxide is dissolved readily,forming a solution 
of a sweetish taste, which shoots into very white shining 
crystals, soluble both in water ^nd in alkohol. Iron is' 
dissolved in small quantity: the solution obtained from 
the oxide affords crystals ^f a yellowish tinge, having a 
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sweet taste, which are soluble in water, and become more 
• highly oxidized from exposure to the air. The solution 
of oxide'of zinc has a sweet styptic taste, and yields ax- 
borescent crystals, which are soluble both in alkohol and 
water. The solution of oxide of bismuth yields a light 
mass, composed of white crystalline spiculae, easily solu¬ 
ble in boiling water, and sparingly soluble in alkohol. 
Oxide of antimony affords a solution Which does not crys¬ 
tallize, but, on evaporation, gives a white flaky mass, rea¬ 
dily soluble in water and in alkohol. White oxide of 
manganese is dissolved by the ^cld boiled on i{, and, by 
evaporation, small scaly crystals-aK obtained, abundantly 
soluble. Oxide of nickel gives a-solution of a pale green 
colour, which does not crystallize. The solution of oxide 
of cobalt affords crystals of nearly the same, figure as the 
benzoic acid itself. The solution of oxide of arsenic gives 
plumose crystals, which exposed to the air effloresce, 
which are dissolved easily in hot water, and crystallize on 
cooling *. 

Benzoic acid, either in'its pure form, or in any of its 
combinations, is applied to no use. It was formerly em¬ 
ployed in the practice of medicine, and still enters into 
one or two officinal preparations i but it does not appear 
to have any medicinal virtue. 


* Crell's Chemical Journal, vol. iii. p. 11. 
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SECT, XXL 

ACETIC ACID. 

ThiS| like several of the other vegetable acids, is a na¬ 
tive production, and^is also capable of being artificial!]^ 
formed. It exists, as has'already been remarked, ({^ge 
24) very generally in the sap of vegetables, combined 
with potassa and lime, and is sometimes also present in 
excess. It is discovered by evaporating the sap, and add¬ 
ing to the solid matter sulphuric acid: the vapours of 
acetic acid are then perceived by their smell. It is more 
peculiarly, however, the produce of fermentation; and 
the production of it even characterizes one stage of that 
process. It is under it, therefore, that its chemical history 
will best be plaoed. 


SECT. XXII. 

MOROXYLIC ACID. 

This name has bcei} given by Klaproth to an acid 
which he extracted from a saline efflorescence, found by 
Mr Thompson to form on the trunk of the white mul¬ 
berry (Morus alba), in the botanical garden at Palermo. 
The examination of it was imperfect, from the smallness 
of the quantity of the substance affording it in the posses- 
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sion of Klaproth j but as he regards it as a peculiar acid, 
«it is necessary to give, it a place, ^ough farther investi¬ 
gation may perhaps connect it with one or other of the 
acids already known. In its properties it approaches 
nearest to the succinic acid. 

The saline exudation, according to Klaproth’s experi¬ 
ments, consists of this acid in combination with lime, and 
mixed with a portion of extractive matter. It is of a 
brown colour } approaches to succinic acid in its taste; 
swells up when placed on burning fuel, and emits an acrid 
vapour, leaving an earthy vesidlium. 3y solution in wa¬ 
ter, and cry&tallutation, the saline matter is obtained more 
pure, and of a lighter colour; Tlie alkaline carbonates 
precipitate lime from its solution, and precipitates are also 
formed from it by nitrate of silver and acetite of lead. 
Exposed to heat, it gives an acid liquor, an cmpyreumatic 
oil, the gases that are usually disengaged from vegetable 
matter ; and leaves a residuum of charcoal and lime. 

The pure acid was obtained from this salt by two pro^ 
cesses. In the first, to a solution of the salt a solution 
of acetate of lead was added ; the precipitate thus form¬ 
ed, and which consisted of the acid united with oxide of 
lead, was mixed with sulphuric acid, diluted with three 
times its weight of water. Sulphate of lead was formed, 
and the filtered liquor^ by evaporation, afforded the mor- 
'oxylic acid, in fine needles of a |^alc straw colour. In the 
second, the salt itself was at once decomposed by sul¬ 
phuric acid, the sulphate of lime separated, and the pure 
acid obtained. 

This acid approaches still more nearly than the salt 
from w'hicli it is obtained to succliiiq acid in its taste. It 
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remains dry oa exposure to the air, and is easily soluble 
both in water and in alkbhoU When heated in a retort, • 
a small quantity of acid liquor is first obtained: a con¬ 
crete salt next rises, which adheres to the neck of the re¬ 
tort in the form of prismatic crystals,’Colourless and tran- 

• * _ 

sparent; a little charcoal remained in the retort. To se¬ 
parate the sublimed salt from the coally residuum, the 
whole contents of the retort were dissolved, and the li¬ 
quor filtered. The solution was^perfectly clear, and, by 
spontaneous evaporation, deposited the acid in colourless 
crystals. It appears, therefore, that sublimation is the 
best mode, of obtaining it free from the extractive matter, 
which adheres too strongly to it to be separated in the hu¬ 
mid way. This acid, in its pure state, did not preci¬ 
pitate the metallic solutions, as the native salt docs from 
which it is extracted *. 


SECT, xxirr. 

WOOD OR MGNIN. 

• 

Wood is in every vegetable tlie basis to which the 
other principles are attached, or. through which they arc; 
diffused} the skeleton as it were of the entirc*plant, and 
the substance of which its vessels are formed. The bark, 
and the fibrous part of the leaves, appear to be of a simi- 


* Nicholson’s Journal, vol. x. p. 1 
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lar nature. The term Woody Fibre has been applied to 
»denote it, or the name Lignin may be given to it as a pe¬ 
culiar principle. It has every claim to be regarded as 
sach, since it is possessed of peculiar properties sufficient¬ 
ly appropriate, and which are possessed by it uniformly as 
it exists in different plants. 

Wood is distinctiy fibrous in its texture, and, as form¬ 
ing the solid parts of plants, these fibres are interlaced. 
It. is inodorous, insipid,«nd perhaps wh^n perfectly pure 
is free from colour. Its specific gravity is generally in¬ 
ferior to that of water. The wood of plants, however, is 
frequently possessed of colour, tast^, and smell, from the 
presence of .extractive matter, mucilage, resin, or essential 
oil. It is only when these have been completely extract¬ 
ed by the joint action of water and alkohol, that the wood' 
can, as a chemical principle, be regarded as pure. A fi¬ 
brous matter often pulverulent, remains after this opera¬ 
tion, and it is from this that the characters of this prin- 

t 

ciple must be derived. 

The pure ligneous fibre is altogether insoluble in wa¬ 
ter : even when the water is boiled on it, it is not dis¬ 
solved. It is equally insoluble in alkohol: and hence it 
forms the residuum, when any of the solid parts of plants 
have been acted on by these fluids. 

. From exposure to the air in a dry state, it does not ap¬ 
pear to suffer any change ; but when humid, it is gradu¬ 
ally decomposed, and passes at length through various in¬ 
termediate states to that of a black mould, consisting prin¬ 
cipally of carbon. Saussure junior has found, that the 
oxygen of the atmospheric air is, during this change, con- 

I 

sumed, and that it b replaced by an equitl volume of car- 
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i>onic acid gas; and he concludes from his experiments, 
that the oxygen abstracts part of the carbon of^e wood,* 
but that it loses at the same time a larger proportion of 
its oxygen and hydrogen, whidi form water; and that 
the abstraction of these principles, the proportion of car¬ 
bon is increased in the residual tnatter. When the air is 
excluded, and the wood is decomposed «by the influence 
of water alone, without the contact of oxygen, the changes 
are different, and the proportion of carbon is rather di¬ 
minished than increased It is known too, that when 
the air is entirely exclude*d, wood decomposes with ex¬ 
treme slowness, even* though humid, as, for example, 
when it is buried in the earth. It is only by the joint ac¬ 
tion of air and water, that its rapid decomposition is oc- 

s 

casioned. • 

According to the same chemist, water boiled on wood, 
not merely dissolves the extractive matter it contains, but 
actually forms a portion of it, so that it is impossible to 
reduce wood by repeated decoctions to such a state that 
it shall not afford it *, each decoction or maceration, with 
the contact of the air, producing a portion of extract 
which either did not before exist, ^or which is rendered 
soluble by a change in its principles. He boiled a quan¬ 
tity of oak saw-dust, (three ounces), in twenty-four times 
its weight of water, poured off the decoction, evaporated 
it so as to ascertain the quantity of matter dissolved, and 
repeated this a number of times. The quantity of matter 
afforded by the first decoction was 90 grains; that by the 

I 

second 29 grains. It continued to diminish to the rfinth 
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decoction; the eleventh and twelfth afhsrded the same 
•quantity as the ninths amounting to 4 grains. The re« 
maining *6aw>dust was then exposed to the air for two 
months. On being submitted to a new decoction, it gave 
grains of extract, a quantit]r therefore greater than at 
the ninth decoction : the fourteenth decoction afforded 
4 grains: and after a new exposure for two months to 
the air, the quantity was again augmented to 5-^ grains. 
Wood, the most completely freed of its soluble princi¬ 
ples, furnishes always by maceration in water with the con¬ 
tact of air, infusions holding e)ltractive matter dissolved 
The alkalis act on wood: wherr an alkaline solution is 
allowed to remain over any wood, it receives colour, and 
the colour of the wood at the. same time is darkened. 
With the assistance of heat, tliey soften, and partly dis¬ 
solve and decompose it. 

The stronger acids also act on it. Sulphuric acu) im- 

A 

mediately chars it, rendering it in a very short time per¬ 
fectly black and soft. Nitric acid immediately gives it a 
yellow tinge \ and when acting on it in large quantity, it 
disengages, according to Fourcroy, a portion of nitrogen 
gas, and converts it* principally into oxalic acid, witlr 
small quantities of malic and acetic acids. 

When wood is exposed to heat in close vessels, as in 

I. 

an iron retort, a portion of water distils over, which, as 
the distillation proceeds, becomes more and more acid, 
and at length a Jiquor very acid and pungent, of a yellow 
colour, is condensed ; an empyreumatic oil likewise pas¬ 
ses over in considerable quantity : carburetted hydrogen, 

- ^ - 

* Recberches Chlmiqucs, p. 150. 
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^nd carbonic acid gases are likewise disengaged, and a 
portion of ammonia is ptoducedvwhich exists neutralized* 
in the acid liquor. A concrete charcoal remaths, #hich 
retains completely the figure, and even in some measure 
the texture of the wood. The acid procured in this pro¬ 
cess, was formerly regarded as a peculiar one, and nam¬ 
ed Pyro-rtgn«DUs Acid. The researches of Fourcroy and 
Vauquelin have shewn, that it is tnerely diluted acetic 
acid, with an impregnation of empyreumatlc oil. It is 
afforded in so large a quantity, that the process is even 
employed to furnish this acid, for some of the purposes 
to which it is applied. * 

When w6od is heated, without the air being perfectly 
excluded, it becomes black, exhales acrid penetrating va¬ 
pours, composed of the empyreumatic acid and oil, and 
the charcoal remains. It affords, after its combustion, a 


quanthy of saline matter, principally carbonate and sul¬ 
phate of potassa and of lime, muriate of potassa, and phos¬ 
phates of magnesia and lime; and also portions of earths 
and metals, particularly silex, iron, and manganese. All 
of these, however, are not essential to the composition ; 
on the contrary, the greater number are rather accidental, 
and, as Saussure has shewn, often dependent on the soil, 
and derived from it, as has been already fully stated 
(p. 103). The portion of charcoal afforded by different 
woods, is different, being of course more as the wood is 
compact and dense : and the quantity of saline mattei: 
afforded is also different, as has been already remarked^ 
vol. ii. p. 80. On this subject, the researches of Saussure 
have been extensive; and his tables, which are too nu¬ 


merous to be inserted, present a rifimbw of facts on4;he 
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ioememion of diffisrent woodsi the quantity of saline 
flatter it aiFofds^ and die ctrOuttistances by which the 
production of this iippears to be influenced. * 

When the ahr is freely admitted, and the heat raised 
to ignition, wood bums. Its ccmtbustion is at first vivid, 

I 

or gives much light, from the extrication of the hydrogen 
in combination with a part of its carbonfbut as this is 
dissipated, the light is diminished, and there is at length 
only the led glow of the charcoal. The products of the" 
CombusliDn have not been ascertained w'ith much accu- 
racy. Tiiey are principally carbonic acid and water; and 
. if nitrogen be a constituent principle of'wood, as its ana¬ 
lysis by heat appears to prove, ammonia will probably al¬ 
so be evolved. An ammoniacal salt is accordingly al¬ 
ways found in the soot of fuel. ^ * 

From the analysis of wood, it appears to consist of car¬ 
bon, hydri^en, oxygen, and nitrogen, with probably lime. 
It is evidently, of all the vegetable principles, that which 
cdtttams the largest proportion of carbon *, since, indepen¬ 
dent of the quantity of this principle disengaged, in its 
analysis, in the state, of carbonic acid and other elastic pro¬ 
ducts, the residual charcoal amounts to one fourth pr fifth 
pf thb weight of the original wood. From this predomi- 
, nanep pf carbon,, it probably derives its solidity, and its 
inactivity as a chemical substance. 


Cork is a sttbsta.nce analogous to wood. The suh- 
^Staiice to whidb this name is usually appropriated, is. the 
external baric qf the Quercos suber ; but Fourcroy sup- 
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proseSt that the ^pMermis of dl fign^otts iregotahles is of 
a similar nature, and they are probably a|I rarieti^ of the 
matter which constitutes the ligneous fibre. 

Cork is light, softj spongy, and elastic: it is inflamma¬ 
ble ) affords a little ammonia by distillation; and is acted 
on b)f^ chemical agents, in very nearly the same manner as 
wood. 

The principal peculiarity with regard to it, and in which 
it differs from wood, is tl^at of affording an acid different 
from every other, when acted on by the nitric acid. This 
was first observed by Bnignatelli; but the production 
and properties of this acid, named the Suberic, have been 
mole fully investigated by Bouillon Lagrange *. 

The process which he employed to obtain it, consists 
in pourifl'g on cork in a retort, six times*its weight of di¬ 
luted nitric acid, and distilling it from it with a gentle* 
heat. "When the heat is applied, red vapours are extri-' 
cated; the cork swells and becomes yellow ; and as the 
distillation proceeds, a soft spongy matter rises to the 
surface. The distillation is continued, until the produc¬ 
tion of red vapours ceases i the whole, while warm, is 
poured into a glass or porcelain bason, placed on a sand- 
bath, and a moderate heat is applied, stirring the matter 
constantly with a glass spatula. It is thus gradually 
thickened: and as soon as it ceases to disengage white ir¬ 
ritating vapours, the vessel 'is removed from the sand-bath, 
and the residual mass agitated until it is nearly tx>ld. A 
substance is thus obtained, of the consistence of honey, 
of a yellow coldur, and a shatp penetrating odour when 


^ Annales de Chimie, tom. xxiii. p, 42^ 
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It is wariYi) an ajromstic odour when cold. To obtain the 
acid which is contained in it, it is pi^t into a matrass, and 
twice its weight of distilled water is poured upon it *, it 
is heated so as to liquefy it, and the solution is filtered from 
the part that is not dissolved by the water. It is of a 
clear amber colour, and has a smell approaching to that 
of prussic acid : on cooling it becomes turbid : the pre¬ 
cipitate which falls down is separated by filtration, and 
the acid obtained more pure. It is still, however, some¬ 
what coloured, but the colour is removed, either by «atu- 
rating it with an alkali, and again precipitating it by an 
acid, or by boiling it with charcoal. It is obvious, that 
in this operation the production of the acid is owing to 
the communication of oxygen from the nitric acid to the 
principles of th3 cork, though how far any pf these is ex¬ 
pended in the formation of produtts di^erent from the 
.aetd, is^not determined. Carbonic acid gas is disengaged 
during the operation, along with the nitrous vapours. 
The matter deposited during the formation of the acid, 
consists principally of a substance which separates and as¬ 
sumes the consistence of wax, and of a white tasteless 
powder, which has some analogy with fecula. 

Suberic acid may be obtained in a solid form, but is 
not crystaliizable : it is either pulverulent when it has 
been precipitated, or when obtained by evaporation is in 
thin irregular pellicles. Its ,taste is slightly bitter and 
acid: dissolved in a small quantity of boiling water, it is 
irritating to the throat, and excites coughing. It reddens 
the vegetable colours, and it attracts a little humidity 
from the air, especially when it is not perfectly pure. 
Exposed to beat, it is volatilized, and forms crystaliine 
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flakes on the sides of the yessel. Heated by the blow* 
pipe, it fifst liquefies, then becomes pulverulent, 'and last- . 
ly is sublimed, exhaling an odour of sebacic acid.* It be¬ 
comes brown from exposure to light. 

At the temperature of 60°,"an ounce of water dissolves 
10 grains of the concrete acid, but if it is very pure, not 
more than 4 grains. Boiling water dissolves half its 
weight. 

It is not altered by oxygen gas. The mineral, or ihe 
oth^r vegetable acids, have little action on It, and do not 
completely dissolve it, esj^ecially when it is not quite 
pure. Alkohol developes in it an.aromatic odour. 

Suberic acid unites easily with the alkalis and earths. 
Its salts are named Suberate^. The mineral acids in ge¬ 
neral precipitate the suberic acid from their solu'^ns; and 
they are decomposed by solutions of almost all the metal¬ 
lic salts. 

Suberate of potassa, formed by adding suberic acid to 
carbonate of potassa, crystallizes in four-sided prisms *, 
has a bitter saline taste-, is fused and decomposed by heat; 
and very soluble in water. Sijberateof soda does not cry¬ 
stallize ; its taste is slightly bitter ; it is very soluble in 
water, and attracts humidity from the air. It is also so¬ 
luble in alkohol. Suberate of ammonia has a ,saline bit¬ 
terish taste : it is crystallizable ; is very soluble in water; 
attracts a little humidity from the air, and is volatilized 
w'hen heated before the blow-pipe. Suberate of barytes 
is not crystallizable, and is scarcely soluble in water, ex- 

m ' 

cept from excess of acid, Suberate of lime is also very 
sparingly soluble in water; boiling wafer dissolves a por- 
of it, but the greater part precipitates on cooling; 

Z5 
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nor4oes it crystallize: it is perfectly white: its taste is a 
(little saline. Suberate of magnesia is in the form of a 
powder i it has a bitter taste} attracts a little humidity 
from the air} is soluble in water, and is decomposed by 
heat. Suberate of argil cannot be obtained in a crystal¬ 
line form, but, when reduced to dryness by evapora'tion, is 
in the state of a,dry mass, of a yellow colour, transparent, 
having a styptic bitterish taste: if too much heat has been 
applied, it melts and becomes black. 

Suberic acid has no action on platina, gold, or nickel; 
but it forms salts with the greater number of the other 
- metals. In general these salts do imt crystallize, and they 
have a tendency to form with an excess of acid. Its ac- 
,tion on some metallic solutions give some appearances 
which mlH serve to distinguish it. It decomposes acetite. 
and nitrate of lead, and nitrates of mercury and silver: 
with nitrate of copper it forms no precipitate, but the blue 
colour of the solution passes to green, as does also that of 
sulphate of copper : the solution of sulphate of iron be¬ 
comes of a deep yellow, and that of sulphate of zinc of a 
clear golden yellow. 

A character peculiar to it is, that when a few drops of 
it are added to a solution of indigo in sulphuric acid, it 
causes the blue colour to pass to a green. 

Bouillon Lagrange, in concluding his memoir on this 
acid, points out the characters by which it is distinguish- 
ed from the known vegetable acids-from the citric, 
by not crystallizing; from the gallic, by not precipitat¬ 
ing iron black; from the mallic, by being obtained in a 
concrete fosm from the tartaric, by its volatility; from 
oxalic,*by not ^cipitating the solution of sulphate of 
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copper, and by yielding to it lime. From these, and the 
Tarious phenomena presented in its combinations, he con« 
siders it as proved to be different from all the other 
acids. 

These observations are so far just. Yet it is to be ob^ 
served,'that this actd does not appear to have ever been ob¬ 
tained pure. A portion of extractive matter^is formed along 
'with it, in the oxygenizement of the cork, which still ad¬ 
heres to it, and which appears tobe only partially abstract¬ 
ed, as is evident from the aromatic odour which alkohol 
developcs in it, and from a*fa€t incidentally mentioned by 
Lagrange, that it is onJy by presenting it to carbonate of 
potassa, that the suberate of that alkali can be formed, as 
if pure potassa be employed, it acts upon the acid, and 
gives it a very deep colour. It is obvious, tl||||; we can-, 
not determine how far the peculiar properties it exhibits 
may be owing to the foreign matter thus combined with 
it. 


The Ligneous Fibre is probably the basis of other ve¬ 
getable production, as of the fibres of flax, of cotton, and 
of other vegetables which are dressed and wove into cloth. 
They agree with it, inot only in their natural productipn 

and in their texture, but in chemical qualities} particu- 

/ 

larly in inflammability, insolubility in water or alkohol, and 
in the changes they suffer from the alkalis, the nume¬ 
ral acids, and other reoagents. And any differences they 
do present, arc probably to be ascribed to their sti^te of 
aggregation, or to very slight modiflptions of composi¬ 
tion. U this view be just, the basis ^f Faper must con- 

7 ^ 4 , 
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sist also of the same principle, and it exhibits nearly the 

4 

, same chemical qualities^ 


SECT. X^IV, 

\ 


AROMA. ACRID PRINCIPLE. BITTER PRINCIPLE. NAR# 
COTIC PRINCIPLE.* COLOURING MATTER. 


I PLACE these principles under one section, ami at the 
close of the hislory of the vegetable^ubstanccs, as their ex¬ 
istence, though maintained by some modern chemists, ap¬ 
pears to me to be extremely doubtful. The sensible 


.qualities ^ll^ich are ascribed to them, and from which 
their names and distinctive characters are derived, are 


such as may belong to any of the known vegetable prin¬ 
ciples, and are indeed possessed by principles of the most 
opposite kind; and it appears a very unfounded and un- 
philosophical hypothesis to assume, that there are distinct 
principles in which they'teside. Should a principle dif¬ 
ferent from others previously known be discovered, which 
possessed bitterness, or any other of these qualities, and 
should even this principle be detected in more than one 
vegetable endowed with the same property, still it ought 
not to be characterized from it, since it Cannot be pre¬ 
tended thait that quality is in all cases attached to a prin¬ 
ciple of this kind, and, as existing in any vegetable pro¬ 
duct, depends on the presence of a portion of this princi¬ 
ple. The principle, therefore, were its existence esta- 
blishedf should be distinguished from chemical qualities 
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^hich belong to it *, and the sensible quality, from 'whicb 
in this mode of classification it has derived its name, • 
ought to be considered as rather accidentally than essen¬ 
tially connected with it. As these principles, however, 
have been supposed to exist, and as with regard to some 
of them there are some facts which to a certain extent fa¬ 
vour the opinion, it may be necessary, in* concluding the 
history of the vegetable proximate principles, to state 
briefly the observations or the reasonings which have been 
coi^nected with this subject. 


Aroma. This has been considered as the principle in 
which the odour of vegetables resides. The 4lkntial oils 
of plants very generally possess their flavour *, but it was 
observed, that many vegetables which smell strongly yield 
little or no essential oil; and the oil, when it is obtained, 
has not that strong odour we should expect, did the odour- 
of the plant entirely depend on it. This is the case with 
the violet, jessamine, and many other odoriferous flowers. 
It was farther observed, that if such vegetables be placed 
in water, and exposed to a very gentle heat, not sufficient 
to volatilize their essential oil, they are deprived of their 
smell, which is in some measure transferred to the water, 
when the operation is performed in close vessels. .The 
essential oils, too, it was remarked, always lose a great 
part of their odour from exposure to the air, though littie 
of the oil itself is dissipated, And, lastly, it has some** 
times happened, that the atmosphere around odoriferous 
plants has not only had their odour diffused through it. 



AROMA, &C. 


but; received such ar impregnation of jsome inflammable 
(ClaAtic fluid, as to have kindled on the approach of an ig« 
xuted body. From such facts it was inferred, by some of 
the older chemists, that there exists in vegetables a subtle 
principle in which their odour resides *, that this is capa<4 
hie of being combined with their other principles, land in 
particular with their essential oils, to which of course it 
communicates the odour of the plant. By Boerhaave 
this principle was named ihe Spiritus Rector of vegeta¬ 
bles; and in framing the modern nomenclature, it recei¬ 
ved the denomination of Aronra. 

Tlie observations of Fourcroy on. this subject * are per¬ 
fectly just. The faculty of exciting the sensation of odour, 
. is a quality which may belong to any kind of matter, and 
which doel^belo'ng to many substances, as ammonia, sul¬ 
phur, and its combinations, the metals, and many chemical 
compounds, in which we cannot suppose the existence 
of any common subtle principle on which it depends. And 
Ithere is no reason to suppose but what it may exist in ve¬ 
getable products, without being attached to such a prin¬ 
ciple in them. If its existence were supposed too, nu¬ 
merous species of it must be admitted •, for the odour it 
communicates is its only characteristic property, and this 
odour is diflerent in every plant: and all the facts from 
which the existence of it has been inferred, admit of ex- 
planation, on the supposition that the odour resides in the 
essential oili wbich is sufliciently volatile to be dissipated 
at a very moderate temperature, which may be dilFascd 
M atmosphenc air, or dissolved by it, and which, suffer- 


* AnnaleA de Chinoie, tom. xxvi. p. 232. 
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ing chemical changes from long exposure to the atmos* 

i 

phere, is thus deprived of. much of its odour. At the« 

• f 

same time, the odour may somet;imes reside in soxhe other 
proximate principles i and indeed the greater number of 
these may be distinguished by a smell in general faint, 
but suSiciently perceptible. 


Acrid principle. The existence of such a principle 
has been inferred from a few facts with regard to certain 
acrid plants. It has been found, that several vegetables 
which are inodorous, or have only a weak smell, are in 
their recent state extremely acrid to the taste, and dis* 
play this acrimony in the irritatipn and inflammation 
which they occasion when applied to the skin. Such are 
the roots of the Scilla maritima, of the Colchicum au- 
tumnale, Dryonia alba, and Arum maculatum, and the 
leaves of the Anemone nemorosa, and of the Clematis e> 
recta. Yet they lose entirely this peculiar acrimony on 
being dried, while their other active powers frequently 
remain. From this circumstance, and from their waotof 
odour, it is concluded that the acrimony cannot be suppo¬ 
sed to depend on an essential oil. From some of these 
plants too, this principle is communicated to water or al- 
kchol by distillation from them, though no other property 
but the acrimony is thus conveyed. There appears some 
reason, from these facts, to admit the conclusion that has 
been drawn from them *, that there exists a peculiar vo- 

• Gren, Principlca of Chemistry, vol. i. p. 20. Hermbstaedt, 
Medical and Physical Journal, vol^ i. 
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latite principle in these plants dilFerent from an essential 
•oil) in which their acrimony resides. If its existence shall 
be considered as probable) howeVer, it has never been ob¬ 
tained in such’a state as to be submitted to chemical ex¬ 
amination! and all that relates to it is therefore uncertain 
and obscure. 


Narcotic principle. The existence of such a prinf I- 
ple has been inferred from facts'somewhat similar to those 
on which that of an acrid princtple*has been supposed to 
be established. It has been found, that many narcotic 
plants suffer a diminution in their power from age, and 
that they are also rendered inert by decoction in water) 
though when the operation is performed so as to con¬ 
dense the water volatilized) it is not found to be impreg¬ 
nated with any essential oil; nor arc essential oils usually 
possessed of such active powers. In some cases, the dis¬ 
tilled water, as for example that from the leaves of the 
cherry laurel, (Prunus laurO'Ccrasus,} has a narcotic 
power 3 in other cases it has itone. 

Thew facts are-inconclusive. The injury which some 
of these plants sustain from deiioction, while, at thfe same 
time.) their powers are not communicated to the water 
distilled from them, is probably to be ascribed not to the 
dissipation of a subtle volatile principle, but rather to 
changes which its principles suffer, and probably princi¬ 
pally to the oxygenizement of its extractive matter. And 
where the narcotic power is communicated to water by 
fUstillatioD, some singular facts lately discovered appear to 
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prove, that It depends on the presence of a well-known 
substance, tlxe Prussic acid. It had always been observ-* 
ed, that jhis acid has even in a high degree the peculiar 
fragrant smell of peach blossoms; and it had also been 

observed, that the same smell, more or less faint, is per- 

■ 

ceptiblc in the distilled waters from the leaves of the 
cherry-laurel, the seeds of the bitter ahnond, and some 
similar vegetables, all of which are more or less nar¬ 
cotic. Bohn at length found, that when potassa was 
added to the water distilled from the bitter almond, it ac¬ 
quired the property of forming a blue precipitate with 
solutions of iron,— tlie sure indication of the presence of 
pfiissic acid. Schrojder confirmed this, and found far¬ 
ther, that the same acid was contained in the distilled 
waters of the peach blossom and the cherry-laurel, so 
that even a prussiate might be obtained from them crys¬ 
tallized, by distilling them from potassa. These singular 
results were confirmed by Vuuquelin and by Bucliolz. 
The latter chemist succeeded in separating prussic acid 
from the essential oil of the cherry-l.iurel, by agitation 
with solution of potassa. And RolofF lias since shown, 
that lime-water, and water of ammonia, with the latter 
of which Bucholz did not .succted, abstract the prussic 
acid from the same oil, as well as from the oil of the bit¬ 
ter almond *. It has been found, too, that the prussic 
acid, in its pure state, is narcotic ; and there is therefore 
every probability in the conclusion, that that.quality in 
the preceding vegetables depends on its presence. But 

* Journal de Physique, tom. Ivi. Amiales de Chimic, 
tom. xly. Philosophical Magazine, vol. xviii. 
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from tliis there is no reason farther to infer that it is the 
(^narcotic prii^ciple ; for there is no reason to presume that 
it exists in other narcotics, and it is itself inferior in nar¬ 
cotic power to some vegetable products. 

The existence of a narcotic principle altogether differ- 

I 

ent from this has been inferred from a very different se¬ 
ries of facts. Derosne, in analyzing opium, our principal 
narcotic, discovered a principle apparently different from 
any hitherto observed. It was obtained by digesting wa¬ 
ter on opium: the water dissolves it, along with some 
other principles, and when the* solution is evaporated, a 
precipitate falls down, which consists of this principle, 
with resin and extract. By digesting alkohol on the pre¬ 
cipitate, the resin and this peculiar principle are dissolv¬ 
ed ; and as the solution cools, the latter is precipitated in 
crystalline grains. These may be purified by repeated 
solution and crystallization : they then assume the prism¬ 
atic form ; are white, free from taste, or smell, very spar¬ 
ingly soluble even in hot water, and insoluble in cold wa¬ 
ter, more soluble in alkokol, and precipitated from this 
solution by the addition of w'ater It proves narcotic, 
and, according to Derosne, is more powerfully so than 
opium. It is also soluble in ether, and in all the acids, 
as well as in the alkalis; the solutions of it in the acids 
being precipitated by the alkalis, and those in the alkalis 

, t 

by the acids. It is decomposed by nitric acid, and oxalic 
acid is formed. Exposed to heat, it melts, and if urged 
with a strong heat, is decomposed, and affords the usual 
products of vegetable matter, with ammonia. 


K 


♦ Annales de Chimie, tom. xlr. 



AROMA* &C. 


S67 


The^e experiments present results so singular, and ac.* 
cording so little with the previous numerous researches* 
on the analysis of opium, that they undoubtedly require 
to be confirmed by other authorities; and even in their 
present state, they are far from warranting the conclusion* 
that it can be regarded as the narcotic principle. There 
is no proof that it is contained in any otlfer narcotic ; and 
we have even proof, that the narcotic power of some ve¬ 
getables depends on a very different principle,—the prus- 
sio acid. There is even a strong objection to the conclu¬ 
sion, that it is the principle in which the narcotic power 
of opium resides ; foi' it does not appear to be possessed 
of that power in the high degree which we should expect 
were that conclusion just. One grain of opium produces 
all the eflects of a narcotic *, yet the great bulk of the 
opium consists of Other principles, panicularly of resinous 
and extractive matter. How small a quantity, therefore* 
of this principle must be contained in one grain of crude 
opium ; and of course, what high activity must it be pos¬ 
sessed of in its insulated state ? Yet, from the experi¬ 
ments, it does not appear to have been much more active 
than opium itself. The whole subject requires farther 
investigation *, and at present there is no proof, and even 
little probability of the distinct existence of a narcotic 
principle ; the power of acting on the animal system* and 
producing those effects from which the definition of a 
narcotic is derived* arising probably, in common with the 
other powers which the vegetable products have of pro¬ 
ducing changes in the functions of life* from modifica¬ 
tions of composition which may belong to various princi- 
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..ples» and wliich, there is perhaps reason to bellevei are too 
* &^tle to be ever detected by chemical analysis. * 


Bitter principle. It has been supposed by some 
chemistS| that a peculiar principle exists in some of the 
vegetable bitters, in which their bitterness resides. The 
properties, however, that have been assigned to it, parti> 
cularly its equal solubility in water and in alkohol, and its 
precipitation by certain re*agents, appear to prove, ^at 
what has been considered as siich is a variety of extract, 
slightly modified, perhaps, by intermixture with other 
principles. And were even its existence established, the 
name that has been given to it, implying that it is the 
principle of bitterness, can with no propriety be assigned 
^to it, since so many substances possess this quality, in 
which it has not been proved, and can scarcely even be 
supposed to exist. 

A peculiar substance, which is artificially formed from 
certain vegetable and animal products, and has been nam« 
l»d Bitter Principle, has a better claim to be considered as 
a distinct substance. Tlicre is no reason, however, to be¬ 
lieve that it is ever naturally formed, or that it exists as a 
vegetable principle ; and as a product of chemical action, 
particularly of the action of nitric acid on animal matter, 
if will afterwards fall to be considered. 


G)Louring matter."' It has been supposed, that a pe¬ 
culiar proximatb principle exists in vegetables, in which 
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their colour frequently resides, and which has hence re¬ 
ceived the name of Colouring Matter. In this opinion' 
there is a degree of obscurity, and vagueness. Colour be¬ 
ing merely a secondary quality, which may reside in any 
principle, and which often is exhibited by principles of 
the most opposite kind, there appears no reason to sup¬ 
pose, that there is a distinct principle to’which it exclu¬ 
sively belongs. And under this point of view', this con¬ 
clusion is undoubtedly just. At the same time, w’c find, 
that* many vegetable products, possessed of deep or of 
vivid colours, agree in certain chemical relations: the 
colouring m.>ttor can be abstracted from tlu-m by the ap- 
plicailoii of certain solvents ; can be still farther transfer¬ 
red from these solvents, to other substances exerting afE- 
nities towards it; and this, without it being always pos¬ 
sible to refer the phenomena to actions exerted to any 
known proximate principle. In general, this colouring 
matter appears most nearly allied to the extractive princi¬ 
ple ; yet it sometimes possesses properties which cannot 
be referred to this. Farther investigations must deter¬ 
mine with more precision its varieties, and their relations 
to the other vegetable principles. In the obscurity w'hich 
at present prevails with regard to it, it seems preferable 
so f.u‘ to generalize the facts on this subject as to state 
them In connection, without assuming decidedly, that the 
principle to which they relate is perfectly uniform and 
distinct from every other. These facts, too, are of im¬ 
portance from tlielr connection with the arts of dyeing 
and pigment*making, of which, as^being strictly chemical, 
it is necessary to take notice. 

A a 
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The colouring matter of 'regetahles is, scarcely ever 
*^£900(1 insulated, but is mixed or combined with other 
principles. In this state it exists in the leaves, and ilowers, 

« in the bark, and in the wood of the stem and roots. It is 
extracted, and obtained more pure by the action of those 
agents which are capable of dissolving it. 

In many cases, water, cold or warm, is sulRcicnt for 
this purpose. If logwood, brazil wood, madder, weld, or 
quercitron' bark, for example, be macerated in water, the 
matter on which the colour depends is dissolved v- a trans¬ 
parent solution, more or less deeply coloured, is obtain^ 
ed ; and, by repeating the maceration with water sulTi- 
ciently, nothing at length remains but the mere ligneous 
fibre. 

Sometimes, however, the colouring matter is not solu¬ 
ble in water. It is then frequently soluble in alkohol; 
and in a few substances, as in the alkanet root, is even 
best dissolved by oils essential or expressed. Frequently,, 
too, the extraction of the colour is facilitated by the action 
of other substances, as, for example, the alkalis or acids ; 
and some even can be dissolved only by the acid of these. 
These differences sufficiently prove, that this matter is 
not uniform, but that colour is attached to principles of a 
different nature. 

When the colouring matter is in solution, it may be at¬ 
tracted from the solvent by other substances v/ith which 
it enters into combination: and this in some measure 
gives it a more appropriate character. There are some 
substances even which appear in general to exert strong 
affinities to colouring matter, particularly argil, and some 
of the metallic oxides. If argil be diffused or boiled in a 
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coloured vegetable infusion, it often happens that the co- 
louring matter combines with it, and leaves the .water of 
the infusion perfectly colourless. Or if alum be dissol¬ 
ved in a coloured infusion, and it be decomposed by the 
additiqn of an alkali, the argil in the moment of its pre¬ 
cipitation attracts the colouring matter, forms a coloured 

•t 

precipitate, and if the due proportions have been obser¬ 
ved, the liquid will remain colourless. In like manner, 
if a coloured infusion be boiled with a metallic oxide, it 
often happens that the colouring matter is attracted by 
the oxide. Thus, Berthollet obtained combinations, by 
this process, of the colouring matter of logwood, and 
other dyo-stufls, with oxide of copper, mtd oxide of tin 
Or if certain metallic salts be dissolved in the infusion, 
and be then decomposed by an alkali, the oxide in preci¬ 
pitating equally attracts the colouring matter. It is from 
similar aflinitics to tiie colouring matter that it is often at¬ 
tracted by linen, cotton, silk, or wool, from its solutions ; 
and even where the aHinitics of these are not sufhcicntly 
powerful, they may be rendered capable of attracting it, 
or the combination may be rendered more permanent by 
their being impregnated with another substance, which 
has towards it a still stronger attraction. 

The shade of colour of any substance, and even fre¬ 
quently the tint of colour, arc altered by chemical agents. 
The alkalis, acids, and various neutral and metallic salts, 
exert operations of this kind. By some even the colour 
is much weakened or altogether discharged. Light, it is 
well known, proves always injurious to the permanence 


* Annales dc Chimic, tom. i. p. 239. 
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and brightness of vegetable colours ; so does exposni'e to 
the air; and the power of the oxymuriatic acid in destroy¬ 
ing them is still more energetic. 

On the principles now stated, rests in a great m^easvrre 
the art of dyeing, the processes of which are in general 

c 

merely arrangements founded on the affinities of colour¬ 
ing matter, in consequence of which colours arc extract¬ 
ed, modified, transferred to the cloth, and rendered more 
permanent. ^ * 

This view of the processes of dyeing, which reduces 
them ultimately to exertions of affinity between the co¬ 
louring matter and the substance dyed, was only gradual- 
.ly established. The theory that was adopted by the older 
chemists was rather mechanical. It was imagined, that 
the colouring matter was merely lodged in the pores of 
the cloth; and, according as the pores were more or less 
numerous, of a greater or less fineness, or subject to other 
modifications, the cloth, or the thread composing it, 
^ould be more or less easily dyed ; and the action of sub¬ 
stances facilitating the dyeing was supposed to depend on 
the changes they produced on this mechanical structure. 
This was the theory of Hellot. It was sufficiently ob¬ 
vious, however, that from any operation of this kind, the 
colouring matter could not be permanently fixed in the 
doth, so as to withstand the action of its usual solvents ^ 
and the details of the art received only vague explanations 
from this hypothesis. 

Dufay appears to have first formed a proper concep¬ 
tion of these operations. He observed, that unless some 
species of affinity or attraction be supposed between ^tlie 
colouring matter and the substance receiving it, cloth im^ 
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metised in a dyeing liquor could never receive a deeper 
colour than that of the liquor itself; whereas the liquoi; 
has always the deepness of its colour diminished, and, if 
certain proportions are observed, it becomes limpid, and 
the colouring particles are entirely transferred from it to 
the cloth, “ which seems to indicate,*' snys he, as Ber- 

f 

thollet has quoted his opinion, “ that the.ingredients have 
less attraction for the water, than for the particles of the 
wool.” 

Bergman gave this view, however, with much more 
precision, referred the phenomena of dyeing entirely to 
chemical principles, and established this on experiment. 
He had immersed pieces of wool and of silk in a solution 
of indigo in sulphuric acid largely diluted with water. 
He observed, that the wool was very speedily dyed, and 
that if the proper proportions were observed, the solution 
in which it was immersed was neaily or entirely deprived 
of colour. Tlie silk was dyed more weakly i it only les¬ 
sened the colour of the solution, but did not abstract it 
entirely. These phenomena he ascribed to the different 
forces of attraction exerted by these substances towards 
the colouring matter. In consequence of such an attrac¬ 
tion, the sulpliuric acid had dissolved the indigo ; the silk 
exerted, however, to the particles of the indigo a still 
stronger attraction than the diluted acid did in which they 
were dissolved : it therefore abstracted them from the 
fluid. And the wool did this still more rapidly and com¬ 
pletely, as having to these particles a still stronger attrac¬ 
tion *. 

■■■ ■ ■ I ■ ■ ■ I ■ I I M 1 . . 
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The difference in the forces of affinity of the different 
jmatcrials of clothing for the various kinds of colouring 
matter cifiployed in dyei-.g are so considerable, that they 
vary, not only in the facility with which they arc dyed, 
and the deepness of colour they assume from the same 
dyeing liquor, but frequently one will receive no colour 
from a composition which will give another a deep tinge. 
Cotton, for example, receives scarcely any colour in a bath 
in which wool is dyed scarlet. Wool is that which ap¬ 
pears to have the strongest attraction to colouring m,at- 
ter; next to it is silk, then linen, while cotton has the 
weakest, and is therefore in almost every caso dyed per¬ 
fectly with most difficulty. Animal matter appears there¬ 
fore to have a stronger attraction to the colouring parti¬ 
cles than vegetable substances have*, and this shews 
some analogy between colouring matter and tannin. 

But even when the substance to be dyed has little or 
no attraction to the matter on which the colour depends, 
so as either not to be capable of abstracting it from its 
solvent, or of retaining it with such force as to form a 
permanent dye, methods have been discovered of com¬ 
pensating for this, and of communicating to it the co¬ 
lour, and rendering it permanent. This is done by im¬ 
pregnating it with some substance which shall serve as a 
bond of union between them. Such substances are, in 
the language of the art, denominated Mordants. Their 
use is essential in almost all the processes of dyeing, and 
the discovery of them has been altogether empirical, or 
w’ithout any knowledge of the principles on which they 
operate. Macquer seems first to have given clearly the 
theory of their actions: where they have been used, he 
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observes, “ it Is not the stuff immediately which takes the 
.colour, but tlie earthy or metallic part of the mordants 
GO that when stuffs are well dyed by these processes, it is 
owing to those coloured precipitates being capable of ad* 
hering to them more or less forcibly.*’ Mordants, there¬ 
fore, are substances which on the one hand have an at¬ 
traction to the matter to be dyed, and, pn the other, to 
the colouring matter, and which thus serve to unite 
them. Without their use, either the colouring matter 
•WQuld not be at ah attracted, or attracted so weakly that 
in washing the cloth it would be again removed. 

The mordants are nurnerou,s. The principal are alum, 
acetate of argil, muriate of tin, sulphate of copper, and of 
zinc, acetate of copper, oxideof arsenic, t.annin, and certain 
animal substances. Of those of the saline kind, it is not 
so much the entire salt, as its earthy or metallic base that 
serves to fix the colouring mattef; and in the course of 
the process it is accordingly often, perhaps always, disu¬ 
nited from its acid. Hence the extensive application of 
alum and of the solutions of tin as mordants, from the 
powerful afHnitles of argil and oxide of tin to colouring 
matter. 

Sometimes mordants axe employed rather to heighten 
the colour, or give It more brilliancy, or communicate a 
particular shade. In this case the operation is obviously 
altogether different, and these ought to be distinguished 
by a different appellation. Besides the substances already 
enumerated, the sulphuric and nitric acids, and even the 
nxymuriatic acid, in small quantity, are employed with 
fWis view. 

Mordants are susceptible of a great variety of applica- 

A a 4 
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tlons, with regard to the various dyes; and the different 
cloths* and the proper management of them, constitutes 
a great part of the art of dyeing. They arc used, cither 
by previously inipregnating the cloth with them, or by 
mixing them w’iih the dyeing materials, or somclimcs 
both methods arc conjoined. There arc alto inimorous 
varieties in the •composition of the dyeing materials, a 
number of substances being often mixed, in order to pro¬ 
cure a particular colour or shade. This evidently admits 
of no abridged account; and I must refer, therefore, for 
any details with regard to it, to the scientific treatise of 
Berthollct, on the Art of Dyeing. * 

The art of cloth-printing or calico-printing, in other ‘ 
words, of dyeing in certain colours particular spots of the 
eloth, or figures impressed on it, while the ground shall 
be of a different colour or entirely white, afi'ords perhaps 
the most direct and obvious illustration of the application 
of these prindiplcs. 

The mordant which is principally used in this process, 
is the acetate of argil. It is prepared by dis-^olylng 3 lbs. 
of alum and 1 lb. of acetate of lead, in 8 lbs. of warm wa¬ 
ter. An exchange of the principles of these salts takes 
place : the sulphuric acid of the alum combines with tlic 
oxide of lead, and the compound thus formed being inso¬ 
luble, is precipitated : the acetic acid remains united with 
the argil of the alum in solution. There are added at the 
same time, 2 ounces of the potash of commerce, and 
2 ounces of chalk ; the principal use of which appears to 
be, to neutralize the excess of acid that might act on the 
colouring matter and alter its shade. The superiority of 
this acetate of aVgU as a mordant, to tlic cheaper sulphate 
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of argil or alum, arises principally from two circumstaii’. 
ces,—from the affinity between its principles being weak- . 
er, in consequence of which the argil more easily sepa» 
rates from the acid, and unites with the cloth and the 
colouring matter ; and, 2dly, from the acetic acid disen¬ 
gaged in the process, not acting with the same force on 
the colouring matter as the sulphuric tcid w'^ould do. 
The acetate being also very soluble, and liaving little ten'- 
dency to crystallize, can be more equally mixed and ap¬ 
plied. The discovery of this mordant, so essential in the 
art of calico-printing, was altogether accidental, or rather 
empirical. The recipes of the caheo-printers were at 
one time very complicated: different articles were from 
time to time omitted or changed, until at length the sim¬ 
ple mixture of alum and acetate of lead was found to an¬ 
swer as a mordant equally with compositions more com¬ 
plicated : and even after its discovery, its operation for a 
time was far from being understood by the artist. 

The mordant thus prepared, is thickened with gum or 
starch ; or in this country, within these few years, w'ith 
the mucilage prepared from lichens scalded and boiled 
with a little potash. It is applied by wooden blocks or 
stamps to the parts cf the cloth on which the figures cut 
in the stamp are designed to be impressed, or by a pencil, 
if more delicate lines are to be traced. The cloth is after¬ 
wards dried thoroughly, is washed in warm water to re¬ 
move the mucilage and the superfluous mordant, and is 
then dipt in the dye liquor, suppose it to be an infusion 
of madder; the whole is dyed, but the parts which have 
been impregnated with the mordant receive a brighter 
colour ifvan the palrt which has not: the colour too of the 
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fonner is permanent, while that of the latter is fugitive. 
• It is discharged by subsequent boiling with substances ha¬ 
ving a weak attraction to the colouring matter, principal 
ly wkh bran, and by exposure on the field, repeating these 
alternately. The ground of the cloth is thus at length 
rendered white, while the colours of the parts on which 
the mordant has been impressed, representing of course 
the design on the stamp, remain with little or no altera¬ 
tion. 

With this mordant, madder gives the various shades of 
red} with weld or quercitron hark, the shades of yellow; 
and with logwood, a rich but fugitive purple. To diver¬ 
sify the colours, another mordant is likewise employed,_ 

the acetate of iron, applied in precisely the same manner. 
With madder or logwood it gives black, and by dilution, 
different shades of purple; with weld, olive, and witli 
quercitron bark, brown. Mixtures of these are also made, 
which give other colours. Haussman has also recom¬ 
mended as a mordant, acetite of tin. 

Sometimes after the whole cloth has been permanent¬ 
ly dyed, by having been impregn.ated with the mordant, 
the colour is discharged from certain parts, by stamping 
these with a weak acid liquor: after being washed, these 
are again stamped, either with the same or with a differ¬ 
ent mordant, and dyed with different materials ; and thus 
the most difficult kind of cloth printing is effected, where 
the ground is coloured, and at the same time impressed 
with A design in different colours. By combining these 
methods too, and by dextrously applying to different parts 
©f the cloth different mordants, by stamps adapted to 
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each other, so as to form a regular design, difFerent co¬ 
lours arc impressed either on a white or coloured ground. 

The formation of the vegetable pigments, or what are 
named Lakes, depends on the same principles, and affords 
too a very perfect exemplification of the afiinities of co¬ 
louring matter. The colour of any vegetable matter is 
extracted by its proper solvent, generally by water ; and 
tlicre is added to the solution, some substance capable of 
attracting and combining with the colouring matter, so as 
to form an insoluble precipitate. Thus, if alum be dis¬ 
solved in an infusion of* brazil wood, and an alkaline so¬ 
lution be added, the argillaceous earth is precipitated, and 
carries down with it the colouring matter, forming there¬ 
fore a lake. Similar lakes are formed from other colour¬ 
ed vegetables, as from quercitron, turmeric, &c. And 
the most beautiful of them, carmine, is prepared by a si¬ 
milar process from cochineal, a colouring substance of 
animal origin. It is not always necessary even, that the 
colouring matter should be in a state of solution. It is 
suflicicnt if it be suspended in water. Sir H. Englefield 
has shewn, that if the colouring matter of madder be in 
this state of suspension in boiling water in which alum is 
dissolved, on adding carbonate of potaesa the argil is pre¬ 
cipitated, and attracts the colouring matter, forming a 
very rich lake *. Sometimes too metallic oxides are em¬ 
ployed as the basis of such pigments, particularly oxide of 
tin; muriate of tin being added to the coloured infusion, 
and being decomposed by an alkali: and Guyton has re- 
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commended oxide of tungsten, as affording a basis for 
lakes superior to any other, both in the brightness and 
permanence of the colour *, 

The vegetable substances used in dyeing are extremely 
numerous. The colouring matter of the greater number 
of them, such as all the woods and barks, logwood, brazil 
wood, weld, quercitron, &c. appears to approach in its cha¬ 
racters to extract, and admits therefore of few observations 
as to their chemical history farther than what have been 
already stated. Logwood, the‘wood of the Hxmatoxylum 
Campechianum is of a bright red colour, and affords to 
water very easily its colouring matter ; its infusion having, 
with the red, a purple tinge : it is used principally for 
giving purple dyes, its colour being modified by the dif¬ 
ferent mordants ; and it also enters into the composition 
of the black dyes. Brazil wood, the wood of the 
pina crispa, gives to water a bright red colour, and thc^^ 
louring matter is easily' attracted by argil and the metallic 
oxides, the latter frequently modifying the colour. The 
alkalis give to it a violet tint, and the acids precipitate it 
of a fawn red colour. It is much used both in dyeing and 
in the formation of lakes. Madder, the root of the Rubla 
tinctorum, is another red dye, the colouring matter of 
which is extracted, though rather partially, by water, and 
of different shades, in repeated macerations, so that at 
length it gives only a fawn colour; and even after these 
successive infusions, it still retains much of the colouring 
matter, which may be extracted by the action of an alka- 
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li. Alum forms in its infusions a brownish red prectpi* 
rate } and the remaining liquor, when an alkaline carbon- , 
ate is added to it, giveS a blood-red precipitate, which, by 
an excess of alkali, is rcdissolved. It is much used both 
in dyeing and calico-printing, giving numerous shades of 

t 

red, according as it is combined with different mordants. 
Quercitron is the internal bark of the Quercus nigra: 
it yields its colour, which is yellow, by infusion to water, 
and by the common mordants, alum and muriate, gives a 
permanent dye. It is now much used as a substitute for 
Weld, the stalks of the Reseda lutcola, which j^'-cre for¬ 
merly used to furnish d yellow dye, being combined with 
alum and tartar as mordants, and which also was some¬ 
times combined with madder, to obtain orange and other 
shades. Fustic, the wood of the Morus tinctoria, affords 
another yellow dye : its decoction in water is of a reddish 
yellow colour, and it gives a yellow dye to cloth, which, 
even without the aid of mordants, is permanent; by the 
use, however, of alum, tartar, and muriate of tin, the co¬ 
lour is rendered brighter. Sumach, the shoots of the 
Rhus coriaria, is used for giving a fawn colour, which it 
does alone when merely boiled in water. With acetate 
t>f argil, it gives a yellow ; and as it contains a portion of 
tannin, it enters sometimes into the com position, of the 
black dyes, and is likewise used as a mordant, to modify 
other colours, or render them permanent. 

All these substances agree nearly in their chemical 
qualities; and their colouring matter, which exists in 
them attached to the ligneous Ebre, and more or less 
mixed with other principles, appears to be very similar in 
its nature to extract. But besides these, there are some 



S82 


COLOURING MATTER. 


Other substances, the colouring matter of which exhibits 
very different properties, and can scarcely be reduced to 
any known principle. 

The most important and singular of these is Indigo, the 
produce of different species of the genus Indigofera, which 
are cultivated for its production in America and the West 
Indies. It is in some measure an artificial preparation. 
The plant being cut, when ripe, is put into large troughs 
or vats, with a quantity of water, and pressed down. It 
undergoes a species of fermentation, and a quantitj^ of 
aerial fluid is disengaged, partly inflammable, and said to 
be a mixture of carburetted hydrogen and carbonic acid. 
The water becomes turbid, from the formation or extrac¬ 
tion of the colouring matter ; and when the fermentative 
process appears to have been sufficiently advanced, it is 
drawn off into another vat, where it is kept constantly 
agitated, to promote the separation of the colouring par¬ 
ticles, and the disengagement, as is supposed, of a quan¬ 
tity of carbonic acid. Towards the end of this stage of 
the operation, a portion of lime-water is added, which 
still farther favours the separation of the colouring mat¬ 
ter. It begins, therefore, now to subside. The liquor is 
withdrawn into another vessel, in which the deposition is 
allowed to go on : the clear liquor above, which is of a 
yellow colour, is drawn off; the semi-fluid sediment at 
the bottom is received into linen bags, through which the 
remaining fluid strains : the indigo remains in the state of 
a paste, which is dried by exposure to the air, excluding 
the solar rays. It differs considerably in its qualities, ac¬ 
cording to the species of the plant, its state with regard 
to maturity, and the care and skill with which the opera- 
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tibn has been conducted. The rationale of the process 

« 

by which it is prepared is by no means well understood. < 
The plant, by expression or infusion, affords only a green 
colouring matter previous to the fermentation; and we 
have no precise facts from which it can be determined 
how this fermentation is so easily excited, what are the 
changes it occasions, and how these are connected with 
the production of the colouring matter. 

Indigo is of a very rich blue colour, varying however 
in its shade in different specimens. It is light and friable, 
has a smooth fracture, is tasteless, and has scarcely any 
perceptible smell. 

From Bergman^s experiments it would appear to be a he¬ 
terogeneous substance, since besides itspurc colouring mat¬ 
ter he found it to contain gum, resin, an earthy matter, 
and oxide of iron. The proportions in 100 parts were, 
12 of gum, 6 of resin, 22 of earthy matter soluble in ace¬ 
tous acid, 13 of oxide of iron soluble in muriatic acid, and 
4*7 of pure colouring matter. It is not easy to determine 
how far any of these is essential to it, or at least uni¬ 
formly present, or how far they may be regarded as adven¬ 
titious. Bergman was disposed to consider the iron as es¬ 
sential to it, and even as contributing to the colour ; but, 
as Bcrthullct has remarked, the method he used to disco¬ 
ver it led him to exaggerate its quantity i and by far the 
greater part of what he did abstract by the action of mu¬ 
riatic acid was removed without affecting the pure colour¬ 
ing matter. 

Indigo yields to water its mucilaginous part: the pure 
colouring matter is not at all dissolved. By tlie action of 
water, the inferior kinds of indigo, accord .ng to Ouatro- 



384 


COLOtJRINC MATTER. 


more^ Are improved in their quality, probably by the ab> 
( straction of the mucilaginous and extractive matter. 
The colouring matter of indigo is equally insoluble in al« 
kohol, or in ether, a small portion of resin only being dis* 
solved. 

The action of acids on indigo is more energetic and im¬ 
portant. Conoentrated sulphuric acid dissolves it even 
in the cold, eight parts of the acid dissolving easily one 
part of indigo : the solution appears black, from the deep¬ 
ness of its colour, and even when largely diluted with 
water retains a deep blue colour. It is this solution dilu¬ 
ted with about 16 parts of water ‘that is known by the 
name of Liquid Blue, and that forms also the Saxon blue 
dye. The colour is changed to a green, as llerginan 
found, by the action of a number of 'substances upon It ; 
as by sulphurous acid, vinegar, ammonia, alkaline sul- 
phurcts, sulphate of iron ; and by some of these the co¬ 
lour was entirely destroyed. As all these might operate 
by abstracting oxygen, and as some of them arc even 
powerful in de-oxidizing it, it appeared probable that it 
Is to this operation that the change of colour from the 
blue to the green is owing; yet there are other facts not 
easily reconciled with this, the blue being changed to a 
green, ©r being even entirely destroyed, by other substan¬ 
ces which can scarcely be supposed to exert any such a- 
geiicy, as by soda and potassa, and black oxide of manga¬ 
nese. 

The alkalinfe carbonates throw down from the solution 
of indigo, in sulphuric acid, a blue powder, which 
Bergman named Precipitated Inchgo. 

Nitric acid acts on indigo, not merely as a solvent, but 
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decomposes it. The action, when the acid is conccntrat* 
cd, is even so violent as to inflame it} and when dilated, * 
it still acts on it forcibly, and with effervescence; the in¬ 
digo becomes of a brown colour, and the residuum 
amounts only to the third part of the original weight. 
Haussman, in his experiments on indigo and its sol¬ 
vents discovered, that by the action oF diluted nitric 
acid on indigo, a substance is formed, which remains in 
the state of a coagulum, which, freed completely from 

tiitifc acid by washing,’ formed a brown-coloured viscous 

• 

mass, of a very strong bitter taste, requiring a large quan¬ 
tity of water for its solution, and more soluble in alkohol. 
This is the substance which has received the name of Bit¬ 
ter Principle, as has been already remarked, and which, 
as a product likewise of the action of nitric acid on dif¬ 
ferent varieties of animal matter, is afterwards to be no¬ 
ticed. A little oxalic acid is also formed ; and from Mr 
Hatchet’s experiments it appears, that one of the varieties 
of .irtiflcial tannin is produced, the solution in water of 
the residual matter becoming turbid, and depositing a 
tough elastic him, from the action of gelatin. 

Muriatic acid does not act on the colouring "matter of 
indigo, but dissolves merely the Oxide of iron, and the 
earthy matter it contains. It dissolves, however, a p1)rtion 
of what Bergman calls Precipitated Indigo, and acquires 
a deep blue colour. A number ^f the other acids, as the 
phosphoric, acetic, and tartaric, act on it in the same man¬ 
ner as the muriatic. Oxymuriatic acid destroys its blue 
colour, when the indigo is in a state of solution. 


* Journal de Physique, tom. xxxii. p. 161. 
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‘ The fixed alkalis, dissolved in water, dissolve onlf some 
of the siibstances contained in indigo, hut not its colour¬ 
ing matter. The precipitate from the solution of indigo 
in sulphuric acid, obtained in the manner already describ¬ 
ed, is dissolved by them easily even in the cold : the blue 
colour at the same time gradually changes to a green, and 
is at lepgth destroyed. With the alkaline carbonates the 
f^me solution is effected, but the colour is not altered. 
The action of ammonia and of lime on indigo, in its differ¬ 
ent states, is the same with that of the pure fixed alkklis. 

Indigo, when exposed to heat, swells, emits vapours, 
and burns slowly, emitting a white flame. The residuum, 
which amounts to 33 parts from 100, consists of earthy 
matter and oxide of iron. From the preceding analysis 
it appears, that of the 67 parts consumed, 47 have been 
pure colouring matter. This, subjected to destructive dis¬ 
tillation, is decomposed : the products from these 47 parts, 
were found by Bergman to consist of carbonic acid 2 parts, 
alkaline liquor (composed of carbonate of ammonia dissolv¬ 
ed in water) 8 parts, empyreumatic oil 9 parts, and 23 of 
charcoal^ which, burnt in the open air, left 4 parts, about 
half of which was oxide of iron, and the other half appear¬ 
ed to be siliceous earth. From this analysis it may be 
inferred, that the pure colouring matter of indigo con¬ 
sists of hydrogen, oxygen, nitrogen, and carbon, the 
proportion of carbon feiiig unusually large, and such, 
indeed, as scarcely appears to be contained in any other 
vegetable principle. This predominance of carbon in its 
compooition appears, too, from the facility with which it 
yields artificial tannin, when acted on by nitric acid. 
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The chemical properties of this substance are peculiar, 
and are evidently such as prevent it from being considered • 
as a variety of any other known principle. 

The application of it to the art of dyeing presents some 
singular phenomena ; for although it is not soluble either 
in alkaline solutions or in lime, yet, by the intervention of 
other substances, this solution is eifected,«6o as to form a 
dye-liquor, and the kind of action of these substances m 
producing this effect is not very evident. 

Bergman examined two of the processes of the dyers, 
by which indigo is dissolvc'd. One consists in mixing in¬ 
digo with an equal wefght of sulphate of iron, and twice 
its weight of lime, and boiling them in water : the indigo 
soon dissolves. In the other, a solution of pure fixed al¬ 
kali is taken, and to this indigo and orpiment or sulphuret 
of arsenic are added : the indigo is soon dissolved, and 
the bath becomes green. Bergman supposed, that the 
sulphate of iron in the one process, the sulphuret of -arse¬ 
nic in the other, operated by communicating phlogiston 
to the indigo, or, to adapt the explanation to the change 
of chemical theory, by abstracting from it oxygen ; and 
this appears to be confirmed by the facts which he ascer¬ 
tained, that if the sulphate of iron has been previously 
boiled some hours in water, in which case we know it be¬ 
comes more oxidized, it docs not promote the solution of 
the indigo, and that oxide of arsenic is also equally unfit 
for this purpose. Haussman has in some measure strength* 
ened this theory, by proving, that a solution of sulphuret 
of arsenic mixed with indigo absorbs oxygen; and in this 
case, the indigo is reproduced with its blue colour, and 
precipitated. This has also been cemfirmed by Berthol- 
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let) who has farther observed, what is strict^ conform¬ 
able to the theory,, that when cloth is dyed in the indigo 
liquors prepared by these processes, it is^ of a green co¬ 
lour, but becomes blue by exposure to the air; and he 
found, that a piece of cloth, coming out of the vat of a 

I 

green colour, became blue by dipping it quickly in oxy- 
muriatic acid. *He concludes, from these facts, that indi¬ 
go, in its natural state, contains oxygen, which may be ab¬ 
stracted from it, when it becomes green; that, in this state, 
it is soluble in solutions of the alkalis, and of lime; *that 
it is again capable of attracting oxygen, when it acquires 
the blue colour, and precipitates ;'and that, on these prin¬ 
ciples, may be explained the usual processes by which 
this substance is applied to dyeing. When dissolved by 
sulphuric acid, it is evidently in a different state, not be¬ 
ing deprived of oxygen, but retaining its blue coloqr, 
which therefore the cloth at once acquires ; yet, even in 
this solution, the indigo, as Berthollet remarks, appears 
to have suffered a slight de-oxidizement, and to this he 
ascribes the solubility in alkalis of the precipitate thrown 
down from this solution. 

Wo AD is a substance produced by a process somewhat 
similar to that followed in extracting indigo, and bears 
some resemblance to it. It is extracted from the Isatis 
tinctoria and Isatis Lusttanica. The plant is cut down, 
washed, and dried in the sun : it is then ground in a mill, 
and reduced to a paste. Of this heaps are formed, which 
are covered so as to secure them from rain. This paste, 
after having remained a fortnight, is turned, and its dif¬ 
ferent parts mixed : it is then made into round balls, 
which are deprived of their moisture by exposure to the 
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air and Sih. These balls, heaped on one another, gra¬ 
dually become hot, exhale an ammoniacal odour i and • 
the heat is increased by watering the heap slightly until 
the balls are reduced to a coarse powder. In this ^tate 
woad is used ; it gives a blue colour, which is per¬ 
manent, but has not the beauty of that from indigo. If 
this plant, however, be subjected to the same process as 
that followed in preparing indigo, it affords a blue colour¬ 
ing matter precisely the same * } and there can be little 
doubt, therefore, that the colouring matter of woad is in¬ 
digo more or less perfectly* prepared. 

An NOT A is prepareef from the seeds of the Bixa orel- 
lana, by bruising them, and keeping them in water until 
they ferment. A colouring matter is formed, of an 
orange colour, which is dried, and forms a paste more or 
Less hard. It is not perfectly soluble in water, but forms, 
by infusion or decoction, a liquor of a yellowish red co¬ 
lour, and turbid: the addition of an alkali renders it ’ 
more soluble, and gives it a bright orange yellow colour. 
Acids form with this liquor an orangQ'Coloured precipi¬ 
tate i and a solution of alum forms an orange precipitate 
still deeper in the colour. Annota is more soluble in al¬ 
cohol than in water \ and hence, besides its use in dyeing, 
it sometimes enters into the composition of coloured var- • 
nishes. In dyeing it is always mixed with an alkali. 

From different species of lichen, is prepared the co¬ 
louring matter known under the names of Archil and Litr 
mus, so useful to chemists, as the most delicate test of 
acidity. There is some degree of obscurity with regard 


* Berthollet on Dyeing, vol. ii. p. 

eb3 


590 COtOUtllNG MATTER. 

to these. Arch^ is said to be obtained from tie Lichen 
* rocella, and Lichen parellus; but it appears that other 
species afford a similar substances The plant is reduced 
to powder} a quantity of the potash or soda of commerce is 

I 

jdded.to it} and it is moistened with urine and kept 
moist by successive additions, for some time; it ferments, 
and gradually acquires a blue or violet colour *, it is then 
dned *. Litmus or Turnsole is the same substance, ap¬ 
parently in a more pure state : it has been said to be pre¬ 
pared from the juice of the Heliotropium trifoceum; or 
the Croton tinctorium, with which linen rags are impreg¬ 
nated, and which are afterwards reduced into a kind of 
paste, containing, according to Fourcroy, soda, according 
to Chaptal calcareous earth and potash. The latter che¬ 
mist has remarked, that its colouring matter is of the same 
nature as archil. The colouring matter is extracted by 
water *, the infusion is of a crimson colour, inclining to 
violet} if it be kept secluded Completely from the air, the 
colour entirely disappears } but it is very quickly renew¬ 
ed when the air is admitted. It is also soluble in alko- 
hol, and in this solution exhibits the same phenomenon* 
It is instantly reddened by the weakest acid liquor} and 
hence the watery infusion of it, or paper stained with 
this, affords a very delicate test. Its colour is not much 
altered by the alkalis. In dyeing it communicates only 
fugitive colours, and hence is used only in modifying or 
heightening others that have more permanence. 


* Nicholson’s Journal, 4to, vol. ii. p. 311. 
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OF THE SrOXTAXEOUS CHEMICAL CHANGES AND 
DECOMPOSITION Of VEGETABLE SUBSTAN¬ 
CES. 

T he changes of compMJsition to which the vegetable 
principles are liable from the chemical action of other 
substances upon them, are in a great measure peculiar with 
regard to e.ach, as are also the changes they suffer from 
the application of heat, and have therefore been noticed 
under their individual history. But, besides these, they 
are liable to certain spontaneous changes of composition, 
at natural temperatures, arising chiefly from the re-action 
of their constituent elements. These, as being more ge¬ 
neral, are to be the subjects pf consideration under the 
present chapter. 

The term Fermentation has been employed by che¬ 
mists to denote an extensive series of changes of this 
kind, in which there is an intestine motion of the parts of 
the body, and which gives rise to new products; and as 
this general process varies in its pheiioinena and results, 
according to the circumstances under which it happens, 
or the nature of the vegetable matter subjected to it, 
three species of it have been distinguished,—the Vinous, 
the product of which is vinous spirit; the Acetous, which 
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produces acetous acid or vinegar ; and the Putrefactive, in 
which the elements pass off in new combinations in the ae¬ 
rial form* To these I add that species of slow decomposi¬ 
tion which some vegetables in a humid state suffer, lea¬ 
ving a predominance of carbon in their composition. 
These different species of spontaneous decomposition ma^ 
be considered \\nder different sections. 


SECT. I. 

r 

OF THE VINOUS FERMENTATION. 

Boerhaave appears first to have distinguished fer¬ 
mentation into the three species of vinous, acetous, and pu¬ 
trefactive, each being distinguished by its products as well 
as by the phenomena it presents. He supposed that these 
' three succeed each other in an invariable order, that the 
vinous always precedes the acetous, and that this equally 
precedes the putrefactive. 

Some facts are in favour of this hypothesis, or there 
are substances which undergo these successive changes. 
Many weak vinous liquors, by a continuance of the fer¬ 
mentative process, become sour, or form vinegar j and 
vinegar also undergoes decomposition, forms a mould, or 
passes into a species of putrefaction. But it is not to be 
concluded, that these three kinds of fermentation inva¬ 
riably succeed each other: Many vegetable substances be¬ 
come sour, which we do not discover ever to assume any 
previous vinotts state j and a stUl greater number under- 
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go that decomposition analogous to putrefaction, without 
having passed through the two previous stages of fer- • 
mentation : when they do succeed one another, however, 
the vinous is that which always precedes the others, ami 
which never succeeds them. 

The phenomena which occur during the vinous fer* 
mentation, have been examined with sufficient accuracy. 
The liquor, in passing into it, first becomes turbid ; a 
kind of intestine agitation, in which its parts are moved 
with regard to each other, takes place; a quantity of 
aerial fluid begins to be disengaged, which in some mea¬ 
sure is entangled by the liquid, and with its impurities 
forms a scum on its surface; the quantity of this gas 
disengaged continues to increase 5 the volume of the li¬ 
quid is augmented; and the temperature is at the same 
time raised a number of degrees. The gas thus formed 
is carbonic acid, and its disengagement continues, unril 
the end of the process, more or less rapidly, according 
to the nature of the fermenting liquor, and according as 
it is more or less favoured by circumstances. It appears 
in its evolution to be impregnated with part of the prin¬ 
ciples of the fermenting liquor, and to retain a portion of 
these when it escapes in the aerial form. Chaptal long 
ago observed, that water which had imbibed it by being 
placed in a vessel in the atmosphere above a fermenting 
liquor, on being kept for a month in open vessels, is con¬ 
verted into vinegar, while, at the same time, a ilocculent 
matter is deposited; proving, as he remarked, that the 
carbonic acid gas had carried with it a little alkohol and 
extractive matter 


5 Annales de Chimic^ tom. xxxvi. p.* 27* 
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• According to the experiments of Fourcroy and Vauque* 
c fill) the carbonic acid gas disengaged in fermentation is 
frequently mixed with hydrogen. They found, that the 
gas disengaged during the fermentation of barley was of 
this nature ; and this even when the barley had been freed 
from the bran, which they had at first suspected* might 
have been the source of the hydrogen. The wort of the 
brewers, in fermenting, afforded, however, only carbonic 
acid; and the hydrogen, therefore, in the preceding experi- 
ments, must have been derived from the fecula of • the 
gram *. 

After a certain time, a few days, if the quantity of li** 
qucnr is considerable, the disengagement of gas and the 
intestine motion to which this gives rise begin to 
cease, and the liquor gradually recovers its transparen* 
cy. if now examined, it is found entirely changed in 
its qualities ; it has lost its bland or sweet taste, has be¬ 
come pungent, and acquired a peculiar odour, and is ca¬ 
pable of acting more powerfully on the living system, 
being exhilarating and intoxicating, more or less according 
to its strength. 

This process is altogether independent of any action of 
thre air. It can be carried on in close vessels, and if ma¬ 
terials liable to fermentation be put into a bottle to which 
a bent tube is adapted which terminates under an invert¬ 
ed jar filled with water, carbonic acid gas soon begins 
to be disengaged, and may be collected. If they be kept, 
however, in this situation, the fermentation proceeds, as 
Chaptal has remarked, more slowly than when the vessels 


* Annales du Museum National, tom. vii. p. 16. 
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are imperfectly closed, being retarded probably by the 
pressure of the gas; and hence the* necessity, in conducts. • 
ing fermentation on a large scale, of admitting a commu¬ 
nication with the atmosphere. Too free an exposure, 
on the other hand, prejudicial, or occasions a waste of aV* 
kohol and aroma *. If the air be excluded, while the gas* 
formed during the fermentation is allowed to escape, Mf 
Collier has shewn by experiment, that the liquor ferment¬ 
ed under this arrangement is stronger, or contains more 
alkdhol, than when fermented in open vessels f. 

Of the vegetable proximate principles, saccharine 
matter is that which f>asses with most facility and cer¬ 
tainty into the vinous fermentation ; and fermented li¬ 
quors are more or less strong, according as the juices 
from which they have been formed have contained a 
greater or less proportion of sugar. Certain circum¬ 
stances, however, are necessary to enable it'to com¬ 
mence and proceed. These are^ a due degree of dila¬ 
tion in water, a certain temperature, and the presence of 
some substances which appear necessary to favour the 
subversion of the balance of alEnitics by which the prin¬ 
ciples of the saccharine matter would otherwise be re¬ 
tained in union, or at least would be prevented from en¬ 
tering into those combinations necessary to form vinous 
spirit. These substances, from this operation, are denomi¬ 
nated l^crments. 

l/r, A certain proportion of water to the matter sus¬ 
ceptible of fermentation is requisite. If the latter is in 


* Annales de Chimie, tom. xxxri.^p. 11, 
t Manchester Memoirs, vol. v. p. 256. 
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large quantity proportioned to the water, the fermenta- 
• tion does not commence easily, iior proceed so quickly 
<m the other hand, too large a proportion of water is in¬ 
jurious, as causing the fermented liquor to pass very 
speedily into the acetous fermentation. The proportion 
'employed by Lavoisier in his experiments on fermenta- 
tum, were'foun> parts of water to one of saccharine mat¬ 
ter. 

2d, A certain temperature is not less essential; it re¬ 
quires to be at least 50, or rather 55 of Fahrenheit. • At 
la temperature lower than this, fermentation scarcely 
commences, or, if it has'begun, pVoceeds slowly ; and if 
the temperature be reduced to 32®, it is entirely check¬ 
ed. It proceeds still more rapidly when the temperature 
is much above 55®, and requires to be checked to pre¬ 
vent it from passing into the acetous stage. 

Lastly, though sugar is the matter which serves as the 
basis of fermentation, and from which its products are 
formed, the presence of other substances are requisite to 
the process. It has been often stated indeed, that sugar 
alone, dissolved in a certain quantity of water, and placed 
in a certain temperature, will pass into a state of fermen¬ 
tation. It is doubtful, however, if this happens with a 
solution of pure sugar; and any change which is observ¬ 
ed, is imperfect'and irregular: nor does the liquor be¬ 
come vinous, but rather sour. 

* I 

The substance usually added, where an addition is re¬ 
quisite to excite fermentation, is Yeast,—the scum which 
is collected on the surface, as well as the sediment formed 
from liquors already in a state of fermentation. This add¬ 
ed to a solution of pure sugar, causes it to ferment, and 
’ to pass into a Vinous liquor. • 
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What, then, is the nature of the matter contained in 

*fc " 

yeast, which thus excites fermentation, when it otherwise • 
would not take place ? This question has often been the 
subject of investigation, and it is only lately that some 
light has been thrown upon it. 

a 

Lavoisier, in his experiments on fermentation, remark-> 
ed, that the matter of yeast is a compound of carbon, hy¬ 
drogen, oxygen, and nitrogen ^ and is, therefore, so far 
of an animal nature. From the more recent researches of 
Fabroni, Thenard, and Seguin, it is proved, that it is a sub¬ 
stance analogous to gluten or albumen which exists in 
yeast, which is deriveef from those vegetable juices or in¬ 
fusions that without any addition are capable of ferment¬ 
ing, and which excites the vinous fermentation. 

Fabroni, as the result of his researches on fermentation, 
announced, that though saccharine matter is the principle 
necessary to the vinous fermentation, it does not ferment 
alone, but only by the aid of another substance capable 
of acting upon it : this substance is the gl^inous or ve- 
geto-animal matter, which exists in the nutritive grains, 
and which, as he stated, is also contained in the grape, 
being deposited from its juice. When the deposition is 
complete, or rather when the glutinous matter is perfect¬ 
ly separated by repeated filtrations, the juice does not fer¬ 
ment, but the sediment mixed with a substance suscepitt- 
ble of fermentation, causes it to pass into this state. Tlie 
glutinous part of wheat appears, from some of Fabroni’s 
experiments, to be capable of producing either on the 
must of the grape deprived of its sediment, or on an ar¬ 
tificial mixture, the same effect as the sediment of the 
must, except that the fermentation U more ^owly establi- 
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llibdy sad feqiures s b^her temperature and the cosicur- 
of tartar; the last, as Berthollet has remarked, pro* 
^hdbfy'proving useful from the solubihty communicated by 
^ scild to the gluten. He accordingly found, that a 
mixture of sugar and gluten entered into fermentation, 
b^ adding a little tartar to it. It is this vegetoUnimal 
ONUter, according to Fabroni, which principally consti* 
tiitea the yeast of wine or beer: and Rouelle long ago 
{mind, that the sediment deposited from wines in fermen* 

c 

ts^on is of this nature, as it affords much ammonia uhen 



, Thenaxd had likewise undertaken the investigation of 
dii» subject. Since the juices of certain fruits ferment 
very readily without the necessity of any yeast, he direct* 
ed his attention to these, to discover the principle they 
contained, and which thus promoted the fermentation of 
their saccharine matter. He subjected to experiment 

t 

the juice of the gooseberry, which is very susceptible of 
formentattoi^ Having pressed it through a linen cbth, 
it still remained turbid, and held in suspension a slightly 
iglutinous naatter, which was separated by filtration and 
washed with water. This substance, added to a solutkm 
of $ugar, caused it to pass into the vinous fermentation. 
Yet after having produced this effect, it still remained, 
according to Thenard, insipid, insoluble, in water and in 
alkoho), and no farther altered, except that on being stdiH 
yected to destructive distillation, it afforded no trace off 
:ammonta. It appears to exist in large quantity in the 


{ Attnales de Chhnie, tom. xxxi. p. 299. 
Cheanc^ Statics, vol. ii* p. 41Q. 
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jutc| of the gooseberry, not only.su8f>extide<d|Wt tn a state 
of solution ; for when the juice had been fiiteted So at * 
to be perfectly clear, on placing it at the proper temped 
raturc it fermented, and during the fermentattoil loit it# 
transparency, and threw down a sediment. Hiis when^eas- 
amined was found to be glutinous and insipid : throfm Cni 
red-hot fuel it burnt like animal matter: distiiled, it aibed* 
cd carbonate of ammonia : added to a solution of sugary it 
caused it to ferment rapidly. It appeared therefore to be 
a sabstance perfectly analogous to the yeast of beer. Hie 
same subsMmee was found‘by this chemist to be deposited 
from the juice of the *grape, the cherry, apple, pear, and 
other fruits, during their fermentation, and those which 
'afforded the largest quantity of it were those which run 
most quickly into the vinous fermentation. It alwa^j^ 
deposited too, as their fermentation proceeds; and a sedi¬ 
ment of yeast always appears, according toThenard, when 
alkohol'ts formed. 

To this substance he gave the name of Ferment; it is 
tasteless, does not change the vegetable colours : by desic¬ 
cation it loses three-fourths of its weight, fipom the dis¬ 
sipation of water ; thus, dried, it is still capably of excit¬ 
ing fehnentation, and may be preserved in this state for 
an indeiinite time. It is so little t»>luble in water, that the 
water, after standing over it for several hours, on being 
filtered and added to sugar exerts no action upon it. It hi 
decomposed by diluted nitric acid, is convened into a' fatty 
matter, nitrogen and carbonic acid gases being evolved. 
Potassa acts upon it as it does on animsd substances, 

e 

forms a hind of soap, and causes an evolution of ammo¬ 
nia. In its humid state it is liable to putrefaction per- 
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fecHy similar to that of animal matter, and it affords the 
I same products when decomposed by heat, the proportion 
of oarbon being large.^ From 8 parts, Thenard obtained, 
by destructive distillation, 1.61 of water, 1.31 of oil, and 
1.46 of muriate of ammonia on adding muriatic acid. 

_ s 

Tbe elastic fluid disengaged, amounting to 0.S3, consist* 
ed of carbonic acid, and carburetted hydrogen or carbo¬ 
nic oxide, and the residuum amounted to 2.83 of char¬ 
coal *, 

It is evident that these researches still leave a degree 
of obscurity with regard to this principle, since I’henard 
has not determined whether it is a peculiar one, or whe¬ 
ther it is merely vegetable gluten, as Fabroni had sug¬ 
gested, and as several of its properties appear to indicate. ‘ 
There appears every reason to adopt the latter opinion, 
more especially as the analysis by Fourcroy and Vauque- 
lin of the nutritive grains f has shown, that gluten is 
not only contained in wheat, but likewise in barley, a 
grain which is very susceptible of fermentation. 

Seguin has lately affirmed, that albumen, whether ve¬ 
getable or animal, is the true ferment. As the charac¬ 
ters, however, of this principle, and the distinction be¬ 
tween it and gluten, have been always somewhat vague, 
it is not improbable, that Seguin understands merely the 
latter principle. He had discovered it in large quantity in 
those vegetable juices which pass into the vinous fermenta¬ 
tion without yeast: he affirms, that when they were de¬ 
prived of it, they became incapable of fermenting, and 

* Nicholson's Journal, voL vii. p, 33. 
f Annales du Museum National, tom. vii. p, 1, 
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that having added to saccharine matter this principle, it 
fermented, and yeast was deposited. The respective * 
proportions of albumen and sugar, in tlie different vege- 

a 

table juices, determine, according to Seguin, the vinous 
or acetous nature of the product of fermentation, the 
product being more spirituous the greater the quantity 
of sugar. He adds, that animal albumeif, as tlie white 
of an egg, has the same effect. Boerhaave long ago placed 
tills substance among the ferments, or substances which 

exede fermentation. According to Fabvoni, however, 

■ 

neither the albumen of tiie egg, the insoluble part of the 
animal hbru, nor glue, has the property of exciting fer- 
it'CJ'.tOition. 

Vv'liatc\cr, however, be the nature of tlii.s principle, 

It must L xlbt both in the sweet vegetable juices, and in 
the infusions of the grains that have been subjected to 
malting, s.rKe thc'se are capable of passing into the vi¬ 
nous l^rmentation without the addition of yeast, and even 
dv'posite it <!S the process proccetls. 

Jt has been supposed, that no substance passes info the 
vinous fermeniaiion except sugar. The nutritive grains, 
indeed, as barley and others, can be made to afford for- 
iTionted liquors ; but they are always subjected to the 
previous operation- of malting, in which the fecula of the 
grain is by the process of germination converted into‘su¬ 
gar j and this vims held indispensable to render them Sus¬ 
ceptible of fermentation. The practice, however,- of the 
spirit distillers of this country, proves that this is a mis¬ 
take. They have been accustomed to add to the malted 
grain which they ferment w'ith the view of obtaining a 
spirituous liejuor, a certain proportion of grain which has 

C c 
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not been malted, but merely mashed^ or ground to pow- 
•’ der and infused in warm water; and the proportion of 
this has even been gradually so much increased, as to ex¬ 
ceed considerably that of the malted grain. The infusion 
obtained from this mixture of raw and melted grain is, 
by the addition of yeast, made to ferment easily, and af¬ 
fords a liquor pungent and spirituous. 

The practicability of thus fermenting from unmalted 
grain, and the practice itself, though scarcely taken notice 
of by chemists, appears to have been known in this c^>un- 
try for a considerable time. It is mentioned by Dr Ir¬ 
vine, in an essay on fermentation read before a literary 
society in Glasgow in 1785. He observes, that not only 
is saccharine matter susceptible of fermentation, but the 
farinaceous and mucilaginous parts of vegetabU s also have 
'a share in producing this effect. In their pure state, they 
can neither be changed into wine nor vinegar ; but, when 
mixed with a little sweet matter, they all fennenj toge¬ 
ther, and may either change wholly into wine, or wholly 
into vinegar, according to the proportion of sweet matter 
mixed with them : if the quantity of sweet matter be very 
great, the farinaceous parts are entirely changed into the 
same wine with the sweet part: if the quantity of saccha¬ 
rine matter is very small, the whole becomes vinegar, arid 
has little appearance of ever having been in the vinous 
state. Thus, a quantity of meal from wheat, barley, or 
oats, whose greatest part is farinaceous, when mixed with 
water, becomes by fermentation a little acid, but seems 
never to acquire any of the properties of wine. If the 
same meal be mixed with a quantity of sugar, or any other 

sweet matter, it then falls into the vinous state, and the 

« 

quantity of spirit produced is much greater than the sweet 
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matter alone would have furnished. He then remarks, 
that the farinaceoub substance of seeds is converted into • 
sweet matter by germination, and that many have sup¬ 
posed, that the powers of vegetation only can produce 
this change. “ Certainly, liowever,” continues he, “ the 
powers of vegetable life are no way concerned, or neces¬ 
sary to it. li is not during the growth ortly of the seed 
that this cliangc c.m be effected; but a quantity of the 
sweet matter produced by the growth of the seed, mixed 
witlr a cju.mtlty of the same seed ground into powder, and 
(he wiiole mixed with a proper quantity of water, W'ill all , 
become sweet, and falf afterwards into the vinous fer¬ 
mentation, and be changed into spirits in the same man¬ 
ner as i! tlie whole had been previously altered by the-ve- 
getation of the sicd. Were it not for this property of 
tl;o farina, gve.u loss would frequently be sustained by the 
farmers in unf.ivonr.dilc seasons ; grain that has once be¬ 
gun U) grtuv, and whose vegetation has been stopped, can 
never be m.ule to grow again. Such grain never can un¬ 
dergo any farther malting : wdicn grain has been made to 
grow in this improper manner, it can hardly be supposed 
that tlic change into saccharine matter is perfect or com¬ 
plete. It therefore would be less proper for the vliibus 
fermentation, and w^ould furnish a smaller quantity of 
spirit tliaii grrdn wliich had been perfectly malted. This 
grain, however, wdien raijced with a quantity of perfect 
malt, and fermented, furnishes as^nuch spirit as if the 
whole had been in the state of malt. The persons in this 
trade even prefer if to an equal quantity of malt; for in 
good seasons, when no such half malted or half spoiled 
grain can be got, they take good graini reduce it to meal,. 

. * Cc2 
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and mix it with their malt, and arc satisfied that they oh*' 
tain more spirits in this way than from an equal quantity 
of good malt 

That fecula alone, or at least mixed with no more saC' 

^charine matter than what is contained in the grain, may 

» 

be made to ferment, is established by the late experiments 
of Fourcroy and Vauquelin. Six jiounds of unmaltcd 
bruised barley being treated with alkohol, furnished one 
ounce two drachms of pure sugar*, the same quantify of 

I 

malted barley, treated in the same manner, having afl\.>rd- 
ed four ounces five drachms. Twenty-four pounds of 
the flour of the unmalted barley,‘having, been put into a 
vat with seven times its weight of warm water, and four 
pounds of yeast, entered into strong fermen.t.nion imme¬ 
diately, which continued seven days, liquor at the 

end of that time submitted’ to distillation gave a weak spi¬ 
rituous liquor, W'hich by rectification affordeil nlkohol. The 
quantity amounted to twenty-tlnec ounces. Now Lavoi¬ 
sier had established, that 100 parts of sugar give of 
alkohol; and as the 24 lbs. of unii'ialted bailey contained 
only 5 ounces of sugar, it follows, that four times more 
alkohol had been formed than that sugar could have fur¬ 
nished ; that of course a large quantity of it had been 
formed from the fecula in the grain. 

Twenty-four pounds of malted barley bruised having 
been fermented, under the same circumstances as in the^ 
preceding experimcift, presented the same phenomena, 
the proportion of alkohol being three times greater than 
could have been formed from the sugar in this barley I-. 


* Irvine*8 Chemical Essays, p. 318. 
f Annalcs du Museum National, tom. yii. 
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As fccula consists of tlic same principles as sugar, dif¬ 
fering only in the proportions, it is not difficult to admit, • 
•tli.'it it in.iy be brought into fermentation, and may afford 
ultimately the same products as saccharine matter, though 
.it is aho possible, perhaps, that even in the process now 
described, the fccula may proceed rapidly through the in¬ 
termediate state of sugar, in passing into’the vinous fer- 
mcntat:on ; ntul it would appear actually to do so, if the 

observation of Dr Irvine be correct, that when the flour 

# 

of unmaltod grain is mixed with a quantity that has been 
malteil, i!ic wliolc, mixed with water, becomes sweet. 

Our knowledge of the scries of chemical changes which 
constitute vinous fermentation, is still imperfect. Some 
essential facts connected with it were established by La- 
voi^ici■, and a theory given, which, however, more recent 
investigation^ have proved cannot be admitted as altoge¬ 
ther just. 

The properties of the fermented liquor, its odour, pun¬ 
gency, and intoxicating quality, arc owing to the presence ■ 
of a peculiar substance, which can be separated from it 
by distillation, and which, in a pure state, possesses these 
qualities in a much higher degree. It constitutes, in the 
state of dilution in which it is obtained by distillation, 
vinous spirit, or, as obtain(*d from different fermented li¬ 
quors, from which it derives some peculiarities of taste ‘ 

•Hi 

and flavour, the spirituous liquors of commerce. These, 
by certain processes, afford this principle perfectly pure, 
and ilie same from ail of them ; in this pure state, it is 
the spirit of wine of the older chemists, the alkohol of 
the nicwlern nomenclature. 

Cefl 
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To ascertain with more accuracy the changes which 
happen during fermentation, Lavoisier, instead of operat¬ 
ing on any of the sweet vegetable juices, the exact analy¬ 
sis of which is difficult, dissolved a certain cju.mtity of 
pure sugar in water, and made the solution to ferment, 
by the addition of a quantity of yeast. lie had previous¬ 
ly sought to deferminc the composition of sugar, and found 
it to be a compound of carbon, hydrogen, and oxygen j 
he found, that during fermentation, no portion of the wa¬ 
ter of the fermenting liquid undergoes decomposition } nor 
is the presence of the air necessary to the prcc csi'. Since the 
products are the carbonic acid g..s which is disengaged, 
and the alkohol which is contained in the fermcntOvl li¬ 
quor, it follows from these deductions, that these must 
be entirely derived from the decomposition of the saccha¬ 
rine matter; that in fermentation, therefore, part of the 
oxygen and carbon of the sugar combine and form car¬ 
bonic acid ; and that its remaining elements, its Iiydrogen, 
with the remaining oxygen and carbon, form the alkohol. 
This is accordingly the view he gives of the vinous fer¬ 
mentation. <* Its effects on sugar are reduced to the mere 
separation of its elements into two ponious ; one part is 
oxygenated at the cxpence of the other, so as to form car¬ 
bonic acid,- while the other part being dlsoxygcnated in 
favour of the former, is converted into the combustible 
substance called Alkohol 

It follows from Lavoisier’s experiments, that 100 parts 
of sugar require about of yeast, deducting the water 
which is foreign to it; that it produces a little more than 


* Elements ot Chemistry, p. 196, 
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35 parts of carbonic aciu, and that nearly 58 parts of at- 
kohol are obtained by distillation, about 2 parts of acetic, 
acid and 4 of extract remaining. 

Independent of objections which may be made to the 
details of this theory, from the uncertainty of the coin- 
position of the substances concerned, so far at least as re¬ 
lates to the proportions of their clements.i and independ¬ 
ent likewise of the slight correction that must be made, 
from the fact now established, that fecula, as well as su¬ 
gary is capable of fermentation,—an error was committed 
by Lavoisier, wliich affects the general theory, from not 
attending bufficieiuly tt) the operation of the ferment or 
yeast. This he regarded as serving merely to excite the 
fermentation, and as remaining the same at its termina¬ 
tion as at its commencement \ but he did not explain in 
what manner it produced this effect, and it is possible, 
that its operation may depend on some of its principles 
entering into combination with those of tlic fermenting 
substance. 

Fabroni has supposed that the ferment operates in ex¬ 
citing fermentation, by its carbon attracting part of the oxy¬ 
gon of the sugar, forming the carbonic acid, which is dis¬ 
engaged ; while the remaining sugar thus partially de-oxi- 
dizeti^' enters into combination with its hydrogen and ni¬ 
trogen, and forms what properly constitutes the vinous or 
fermented liquor, or gives to it at least its pungency and 
intoxicating quality. Neither of them, therefore, he al¬ 
leges, is to be found in the liquor after fermentation, if 
this has been complete. Of this theory, however, of the 
mode of action of die ferment, no proofs are advanced, 

C c 4 
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kt least none are stated in the abstract of Fabroni's opinion 
^ given by Fourcroy 

Thenard has given a view somewhat simiLir, though 
not, perhaps, precisely so, and has endeavoured to support 
it by experiment. He mixed together a quantity of fer¬ 
ment with five times its weight of sugar, and added wa¬ 
ter : fcrmentat\pn commenced, and, in four or five days, 
all the saccharine matter had disappeared : a quantity of 
carbonic acid gas was, as usual, disengaged in the progress 
. of the fermentation, and the liquor, on distillation, alVo»ded 
diluted alkohol. The residue of the liquor, after the distil¬ 
lation, was evaporated to dryness, and a substance obtained, 
nauseous, sliglitly acid, and feebly attracting the moisture 
of the air. The nature of the acid could not be deter^ 
mined, but, according to Lavoisier, it is the acetous which 
is obtained in such an experiment. Lastly, of die ferment 
there still remained two-thirds of a substance, which, as 
Thenard stares, he w'as surprised to find afforded much 
less ammonia by distillation than die original fermint. 
From this fact, which appeared to indicate that part of its 
nitrogen had been abstr.ictcd, he concluded, that by mix¬ 
ing it anew with sugar, fermentation would take place, 
and all the nitrogen would disappear. This accordingly 
happened : at the end of seven days, the liquor being fil¬ 
tered, a residuum was obtained, which gave no trace of 
ammonia. _ 

It appearing from these experiments, that the nitrogen 
of the ferment disappears during fermentation, Thenard 
supposed, that it might be carried oiT by the carbonic acid 


Amialcs de Chimie, tom. xxxi. p. 209. 
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gas ; but, on collecting this, no nitrogen gas was found to 
be mixed with it. Since it is not contained, therefore, * 
either in the gas which escapes, or in the residuum, it 
naust have entered into the composition of the fermented 
liquor. Y et Thcnard could not discover it in the alkohol, 
the essential product of the fermentation, when he sub- • 
jected it to v..rlous modes of analysis with this view. He 
concludes, however, tbat it must exist in it; and these 
experiments lead to the view he has given of the action 
of 4he ferment in exciting fermentation. He supposes, 
that all the carbonic acid disengaged docs net, as Lavoi¬ 
sier had concluded, proceed from the decomposition of 
the sugar : the first portions of it he supposes to be form¬ 
ed from a combination of the carbon of the ferment with 
the oxygen of the sugar; and the ferment excites fer¬ 
mentation, by abstracting from the sugar a portion of this 
principle j the equilibrium of its principles being broken, 
gives rise to their combination in a different manner, so 
as to form carbonic acid and alkohol; even a part of the 
hydrogen of the ferment, lie supposes, attracts a portion 
of the oxygen of the sugar ; and its nitrogen probably en¬ 
ters, with the remaining elements of the sugar, into the 
composition of the alkohol. 'ihc other principles of 
the (erment not expended in these combinations, form, he 
supposes, the small quantity of acetous acid, and the in¬ 
soluble matter which is pr|^ipitated. In confirmation of 
these views, he farther states, that ferment has a strong 
attraction to oxygen j that it absorbs it from the atmo¬ 
sphere, or in its pure elastic state, and forms carbonic and 
acetic acids, the nitrogen being disengaged 


* Nicliolson’s Joiynal, vol. vii, p.^0. 
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deguili has given a very difFerent view of the theory of 
c fermentation. He supposes, that in this process water is 
decomposed ; that its oxygen unites with tlie carbon of 
the ferment, and produces carbonic acid ; while its hydro¬ 
gen combines with the sugar, and converts it into alko- 
_ « 

, hoi The objection to this theory, as Thenard has re¬ 
marked, is, thart by fermentation more alkohol ought to 
be obtained than there was sugar; whereas little more 
than half its weight is produced. And besides, the car¬ 
bon of the ferment cannot be supposed to furiiioh alhthe 
carbonic acid that is disengaged ; nor docs alkohol con¬ 
tain so large a proportion of exygdn as sugar. 

It Is obvious, that the facts arc not yet sulTiclcntly as¬ 
certained to admit of any certain conclusions being drawn, 
much less of a perfect theory being delivered, since, amid 
the obscurity which still prevails, various suppositions, 4 
priorif perhaps equally probable, might be formed as to 
the reciprocal actions of substances, the elements of which 
^re so much disposed to mutual combinations, as those 
concerned in fermentation 5 and the subject must still re¬ 
main to be elucidated by farther research. 

By the process of fermentation, a number of liquors 
arc formed, all possessed of certain powers, particularly 
of an intoxicating quality, but differing very considerably 
from each other in their strength as vinous liquors, their 
taste, llavoiir, and other gaalities.—differences owing 
partly to the circumstances under which the fermentation, 
has been conducted, but more to the original substances 
from which they have been formed, 'i’hcy may be ar- 


Nicholson*s Journal, vol. vii. p. 43. 



VINOUS FERMENTATION. 


411 


ranged under two divisions, considerably different from 
each other,—into what are strictly named Wines,-formed , 
by fermentation from the sweet juices of fruits, and into 
the various kinds of Ale or Beer, formed by the same 
process from the nutritive grains, subjected more or less 
to the previous process of germination or malting. 

Of the V/ines, those afforded by the juice of the grape 
claim pre-eminence. It is highly saccharine, without 
much acid, or matter liable to afford acid ; its flavour is 
agrCeable, and it contains, at the same time, the principle 
necessary to excite fermentation. Hence it passes readi¬ 
ly into that state, and ’affords a rich vinous liquor. Nu¬ 
merous varieties of these wines are formed from the grape 
modified by climate, soil, and culture, in consequence of 
which it is more cr less saccharine, and intermixed with 
other principles from which it derives flavour and other 
qualities. The product is scarcely less influenced by the 
manner in which the fermentation is conducted ; whether 
it has been rapid or slow, whether the air has been freely 
admitted, and the gas .allowetl as freely to escape, or the 
reverse ; or whether it has been checked before it has 
been completed. Ilcnce the distinction of sweet wines, 
or those still containing a portion of saccharine matter; of 
strong and spirituous wines, in which a rich juice h.is been 
completely fermented, so as to furnish a large proportion 
of alkohol i of sparkling ^ties, in which a quantity of 
carbonic acid is,retained bjr the manner in which the fer¬ 
mentation has been conducted, or by its having been put 
into battles before this has been complete; and rough 
or astringent wines, in which some astringent matter ori¬ 
ginal! v contained in the fruit is retained. Wines too dif- 
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fer greatly in their flavour, which is derived from the grape, 
t and is much liable to be modified by soil and climate, and 
which in the different wines is still more varied by the 
mixture of different varieties of grapes. The colour of 
wines is derived, not from the juice of the grape, but 

I 

from the external pellicle: • hence colourless wines are 
prepared from the red grape, by expressing the juice care¬ 
fully, and allowing none of the husks to remain mixed 
with it i while, by an opposite practice, or by even ma- 
cerating the juice, while fermenting, on the husks, colour 
wiU be communicated. All wines contain too a portion 
of super-tartrate of potassa derived from the juice; this 
they deposite slowly, in tlie gradual fermentation they suf¬ 
fer in the cask *, and to this, a_s well as to the other changes 
produced by this slow fermentation, is owing the improve¬ 
ment of wine from age. 

Wines are also formed from other fruits, as from the • 
currant, apple, pear, &c. The juices of the currant, goose- 
berry,^&c. contain too large a proportion of acid, and 
too little saccharine matter, to furnish wine equal to that 
from the grape, but are improved by adding to the juice, 
before fermentation, a portion of sugar. Cyder, from the 
juice of the apple, and perry from that of the pear, retain 
a considerable quantity of the acid of the fruit, and when 
well prepared, a large quantity of carbonic acid, which- 
communicates to them pungency and a sparkling quality. 
There also remains in these liquors a por^jon of extractive 
matter or mucilage, which renders them more liable tq 
pass into the acetous fermentation. 

The other kinds of fermented liquors, are those formed 
J||||i||nrley and other grains, forming the difFcrcnt varle- 
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ties of ale and beer. In the preparation of these, the fc- 
cula and mucilage of the grain requires to be altered by • 
the process of malting ; both to afford, by the production 
of saccharine matter, a liquor more easily fermented and 

stronger, and to render them less liable to pass into the 

$ 

acetous fermentation. The grain is steeped in water for 

50 or 60 hours, by which the husk is softened, and a por- 

'<* * 

tion is imbibed by its substance. The M'ater is run off, 
and the moistened grain is spread out on the floor of a 


# 


chaftr.ber, being collected to the depth of 10 or 12 inches, 
to prevent it from becoming dry:'the light too is in'a 
great measure excluded. It begins to germinate, absorbs 
oxygen, and gives out carbonic acid : in consequence of 
this ch.cmical action the temperature rises; and to pre¬ 
vent it from rising too high, as well as to render the pro- 
cess as uniform as possible through the whole grain, it is 
turned up, and is gradually spread into a thinner heap. 
The germ, in the course of this operation, unfolds, and 
the plumula gradually elongates, forming what th^ rew- 
ers call the Acrospirc. The progress of the process is 
known by the extent of this elongaticMi, which is permit¬ 
ted to go on for a longer or shorter time according to the 
quality of the grain, and the kind of fermented liquor 
that is to be formed. When the plumula is about equal 
to the length of the secdj^tlie fecula is supposed to he 
most completely converted into saccharine matter. When 
it is to be checked, the grain is dried gradually bythe heat 
of a kilrf, which is raised gradually, and which for differ¬ 
ent purposes is raised to different degrees. The whole of 
these operations constitutes the process of malting ; which 
is obviously nothing more than germination artificially 
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excited, with the view of converting the fccula into sac- 
c charine matter, and the theory of which has already been 
fully considered (page 61, &c.). 

The grain, after having been malted, is freed from the 
small projecting shoots, and is ground to coarse powder 

c 

in a mill, or crushed between rollers. This is infused in 
warm water in the mashing tun: the temperature at 
which this is to be used is considered as of importance, 
since, if not sufiiciently high, the saccharine matter is not 
properly extracted, while if it be too high, the f.inna*be- 
comes pulpy ; the temperature at which the water is ge¬ 
nerally used is between 1(10° and‘l70'’. The first por¬ 
tion of water, after a few hours maceration, is drawn off, 
and a fresli quantity added. These lujuors form tlic wort: 
this, previous to its fermentation, is boiled with a quan¬ 
tity of some bitter vegetable, generally hops, but frequent¬ 
ly also other bitter herbs; the advantage of which, besides 
the flavour and taste which it communicates, is supposed to 
betOM^ck the tendency of the liquor to accscency. When 
the temperature has subsided, a portion of yeast is added, 
by which fermentation is sooner excited ; this, after it has 
continued a certain time, is checked before it is perfectly 
complete, at least when the object is to prepare a ferment¬ 
ed liquor for drink, and the liquor is drawn ofl'. In this 
manner arc formed the diflfdVtjpt kinds of beer, ale, and 
porter; the process being varied with regard to each of 
these, and different additions being made besides the malt¬ 
ed grain. They are of course weaker than wines, and 
are in general more liable to become flat and acescent, 
from this circumstance, as well as from the portion of 
mucilaginous and extractive matter which they contain ; 
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but they are still possessed of the same general, qualities, 
agree in the effects^ they produce on the animal system, • 
and afford a portion of alkohol by distillation. Their nar¬ 
cotic power is often, jicrhaps generally, increased by the 
addition of certain substances, and is greater, therefore, 
than is proportioned to their strength as vinous liquors ; 
and it is somewhat modified perhaps, by the bitter matter 
which tlie stronger kinds of them contain. 

When grain is fermented to afford a wort which is to 
be subjected to distillaticn with the view of affording a 
spirituous liquor, part of it) it has already been remarked, 
is always used raw or*unmalt<‘il. The fermentation too 
is conducted rapidly,* and is carried at once to the full ex¬ 
tent, so as to obtain the largest produce of alkohol from 
the matter convertible into it. 

From fermented liquors, spirituous liquors arc obtain¬ 
ed by distillation ; all consisting principally of alkohol in 
a diluted state, but varying in their strength and flavour, 
as obtained from different substances. Brandy, the purest 
perhaps of these spirituous liquors, is obtained by distil¬ 
lation from wine ; Rum, from the fermented juice of the 
.sugar cane; and from the different grains, wh.at is nam¬ 
ed Malt Spirit is formed. In this country, to prepare the 
last of these, the liquor fermented from the mixture of 
malted and unmalted grain iSubjected to distillation, and 
the weak liquor which is obtained, is rendered stronger 
and purer by distilling it a second time* The peculiar fla¬ 
vour of the*se difl'erent spirituous liquors, depends proba¬ 
bly on a small portion of essential oil, derived from the 
vegetable matter from which they have been originally 
prepared, and not altogether changed by the fermenta- 
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tton, or perhaps from combinations established in the 
course of the processes from which they have originated. 

The art of obtaining, by distillation, spirituous from 
fermented liquors, was unknown to the ancients. It is said 
to have been discovered by the Arabians, and was prac¬ 
tised during the dark ages. The method even of rectify¬ 
ing these, so as to obtain alkohol, was known to some of 
the earlier alchemists. 

It was generally supposed, tliat the alkohol produced by 
distillation from fermented liquors pre-existed in tfiem, 
and being very volatile was merely separated by the heat. 
Fabroni, however, advanced the opinion, which indeed 
had been before suggested, that it is formed from the prin¬ 
ciples of the fermented liquor during the distillation ; and 
supported this by the result of experiments, in which, if 
alkohol be added to wine, it can be ditcovored, while by 
the same method alkohol cannot be detected in tinmlxed 
wine. The manner of making the experiment by wliich 
this is established, is to take fresh wine with which one 
hundredth part of alkohol has been mixed, and to add to 
this as much potash as is found by a previous experiment 
to be necessary to precipitate the resinous colouring re¬ 
sidue. It is then strained and put into a glass tube gra¬ 
duated into 100 equal parts, and as much potash is added 
as it can dissolve. The huHdredth of alkohol which had 
Seen added, will then be seen to rise, and swim distinct- 
ly on the surface of the alkaline solution, and will be of 
the same degree of strength, and in the same* proportion 
that had been added, if the experiment is performed suffi¬ 
ciently quickly to lose nothing by evaporation. “ Now if 
by this means,” says Fabroni, “ I procure only the same 
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quantity of alkohol from the wine that I knew it contain* 
e<l before, and no more, it appeats to me, that 1 have a 
right to conclude that that which I obtain from'the same 
wine by distillation, did not exist in it before, but that it 
is the operation of distillation which forms it.** He adds, 
that by the same method he could not discover in,new 
wine any alkohol, though he could obtain from it 20 otf 
2d parts of brandy in 100, by distillation *. 

This experiment, however, is not perhaps perfectly con¬ 
clusive *, for admitting the accuracy of the result, (though 
it must be considered as father singular, that one hun¬ 
dredth of alkohol should be capable of being separated 
again from a liquor in which it is dissolved, and that 
without any loss), it is perhaps possible that the alkohol 
formed-during the fermentation may be in more intimate 
combination with the principles of the wine, which will 
impede its separation, tlian a portion of alkohol newly add¬ 
ed and immediately operated on will be. Chaptal has well 
remarked, in reference to this question, that a similar phe¬ 
nomenon is to be observed when alkohol is mixed with 
water: this diluted alkohol has not the same taste with 
distilled spirit of the same strength, in which probably the 
combination is more intimate ; and we know, indeed, that 
tlie increase of density from such a mixture, does not at 
once attain its maximum; pfbving, therefore, that the 
combination is not at once complete. It may be added, 
that it is not very probable that at a temperature so mode- 

m 

rate as that at which the spirit distils oiF, new combinations 


* r Annales dc Chimie, tom. xxxi. p. 303. 
(^NicUolsoo’s Journal, ^to, vol. in p.' 46. 
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should be established from which it would be formed : nor 
' is this heat greater perhaps> than that which a mixture of 
alkohol vfith water, of the same strength, would require 
to cause it to boil. And the fact, that the alkohol has the 
powers of the fermented liquor, aud has them in a much 

I 

higher degree than that liquor has, favours the conclusion, 
that it exists in ‘it, and communicates to it these qualities. 
Nor is there any force in the argument which has been 
advanced against this opinion, that by mixing the product 
of the distiUation of a fermented licjiior with the residaum, 
we do not re-produce it; since it is obvious, that the high 
5 , temperature which prevails, especially towards the end of 
the distillation, might have so altered the combinations 
as to render this impracticable. It appears, on the whole, 
most probable, that alkohol pre-exists in wine and other 
fermented liquors, but probably not insulated, but com¬ 
bined, as Chaptal has observed with the colouring and 
extractive matter, and all the other constituent principles 
of the wine ; so that when, by the application of heat, 
the combination is weakened, these principles arc separat¬ 
ed, and the most volatile rises first, forming alkohol, which, 
as the distillation proceeds, becomes more and more di¬ 
luted with water. 

Yet so nearly do these opinions approximate, that 
even this, it appears, maybe understood as implying that 
the alkohol is actually formed; at least it is in this sense 
that the opinion of Chaptal has been considered by Ber- 
thollct, an^ adopted by him. ** It appears to me,” says 
he, ** that alkohol has not at first an insulated existence 


* Philosophical Magazine, vol. xi. p. 131. 
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in wine, although a little may be found in generous old 
wincS) but thatj laying aside the tartar and the other acids^ 
this liquor must be considered as an uniform compound, 
in which, according to the opinion of Chaptal, the pro¬ 
perties of hydrogen are predominant: heat, disposes this 
*• 

elastic principle to separate, but its elasticity being ba¬ 
lanced by the uiFinity which retains it in Combination, a 
division of the elements takes place in the ratio of these 
two forces, and a liquid passes in distillation, in which the 
propefties of the hydrogen have become much more pre¬ 
dominant, while the other principles of greater fixity re¬ 
main and form the extract: a second distillation of the 
spirituous liquor separates the water, which was only re¬ 
tained witli the alkohol by a weak affinity The argu¬ 
ments, however, which I have already stated, and parti¬ 
cularly the observation, that wine possesses the same 
power as alkohol in acting on the living system, appears 
to me to render more probable the conclusion, that the al- 
koho) exists fully formed in the wine ; for this similarity 
of* power could scarcely be expected, were its elements 
only contained in the wine in other combinations. 

Chaptal, in his analysis of wines, found f, that the alko¬ 
hol they afforded varied much in quantity : some rich 
wines furnished a third uf spirit, while some weak wines 
' did not give more than a fifteenth. He found, besides the 
alkohol, a portion of acid always present,—all wines red¬ 
dening test paper: it appeared from his experiments, to 
be the malic acid, with a small ponioh of the cilric: it is 

* Chemical Statics, vol. ii. p. 426. 

•|- Philosophical Magazine, vol. xi. p. 128. 368. 
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fpatained in larger quantity in the wines from other fruits, 
98 oyfler ; and predominates in the fermented liquors from 
grain. He supposes, with some probability, that it is in 
a great measure the cause of the disagreeable flavour the 
Spirit distilled from them has, compared with that distilled 
from wine : this spirit, at its first distillation, he found al- 
■ways acidulous. The richer wine is in spirit, the less mal¬ 
ic acid does it contain ; and hence the richest wines fur¬ 
nish the most agreeable and purest spirit. Wines also al¬ 
ways contain a portion of tartar, derived from the grape, 
and which they slowly deposite. They hold dissolved too, 
a quantity of extractive matter, derived from the same 
source, and which is more abundant in new than in old 
wines. To these principles is to be added, the colouring 
matter derived from the pellicle of the grape, and dissolv¬ 
ed by the alkohol, as the fermentation proceeds. This is 
often slowly deposited, and may at once be precipitated 
by adding lime, which combines with the malic acid, and 
at the same time attracts the colouring matter. This pre¬ 
cipitate is insoluble in water, either cold or warm, and nl- 
kohol likewise has scarcely any effect on it. Lastly, there 
is the aroma of wine, or principle which gives it its pecu¬ 
liar flavour, and which is so delicate as to be destroyed 
instead of being separated by heat. 

From the spirituous liquors of commerce, Alkohol 
may be obtained i and having considered the production 
of this pnncifde, it is now necessary to attend to the pro¬ 
perties it exhibits in its pure and insulated state. 

The process for obtaining it in this state, varies some¬ 
what according to the lundof spirituous liquor from which 
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h is extracted. The purer kinds, as brandy, may afford 
it merely by repeated distillations, a portion of the water 
re'maining at each distillation in the retort, with any small 
quantity of other matter contained in the spirit j the alko* 
hoi passes over less and less diluted, and may thus afii 
length be obtained pure, or at least can be obtained iii 
such a state by adding, in the latter distillations, a little 
potash to abstract the water more completely. When 
it is tojbe obtained, however, from malt spirit, which it 
always is in this country, the process is rather more com* 
plicated. 

The spirit is first distilled, to free it from the greater 
part of the water mixed with it, and the nauseous oily, 
or extractive matter derived from the grain. Tlio alkohol 
passes over, still however containing a little of this, and 
also a portion of water. There is now added to it sub^ 
carbonate of potassa, in the proportion of an ounce to 
1 lb. of spirit; the sub-carbonate having been dried per¬ 
fectly, and indeed raised nearly to a red heat, and added 
before it is quite cold. It attracts much of the water, 
and forms a solution of greater specific gravity than the 
purer spirit, which, therefore, subsides to the bottom. 
The spirit is poured of, and is distilled from a little of the 
same alkaline carbonate, (about half the quantity before 
employed,) with a gentle heat, stopping the distillation 
before it come to dryness. 

The spirit thus obtained, though very strong, has a dis- 
agrdbable flavour, derived from the alkali. To free it 
from this, and to obtain it still more pure, it is subjected 
to another distillation, with the addition of a small quan¬ 
tity of common alum, about one drachm to the pound 

D d 3 
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the acid of which attracts the small quantity of alkali k 
had held in solution: and in this distillation a little re¬ 
cently prepared charcoal powder is frequently added, to 
remove more completely any unpleasant flavour, 

Alkohol obtained by such a process, is of a^ specific 
gravity of about 0.835, and is sufficiently well adapted 
for the uses td which it is applied in pharmacy, as well as 
for many chemical purposes. It still has a portion of wa¬ 
ter, however, combined with it, which may be abstracted 
by repeated distillations from substances having a strong 
affinity to water. Potassa, either pure or in the state of 
sub-carbonate, and muriate of lime, are those generally 
employed. With pure potassa the alkohol may be so far 
epneentrated, as to be of the specific gravity of 0.S15 ; 
and Dr Fordyce furnished a quantity used in the first ex¬ 
periments of Gilpin, at .813. By using muriate of lime, 
it may be obtained still lighter. Dr Black brought it tt) 
800 : in the tables of Chaussier, it is stated at the tem¬ 
perature of 60° at .798; and Lowitz succeeded in ob¬ 
taining it at the temperature of 68° at .791. This is the 
lowest specific gravity at which it has been procured, and 
therefore the purest alkohol, though it is still uncertain 
if even at this strength it is perfectly free from water; 
nor indeed have we any method of determining when it 
would be so. 

The strength of alkohol is best judged of from its spe¬ 
cific gravity. It combines with 'water in every propor¬ 
tion, and undergoes no change in its properties, favther 
than a change in its density. The specific gravity of the 
alkohol is always increased by the addition of the water, 
not only from the greater specific gravity of the latter 
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fluid, but likewise from the accrued density in consc> 
quence of the chemical combination. From this last cir> 
cumstance, the specific gravities of such mixtures cannot 
be determined a priori from knowing what portions of al- 
kohol and of water arc mixed together, but must be de¬ 
termined by actual experiment. This is a subject of much 
•importance, from its relation to the strength of the spi¬ 
rituous liquors of commerce ; and it has, accordingly, 
from time to time engaged the attention of many che¬ 
mists*. The labours of Blagden and Gilpin have been 
most extensive, and the results tliey have established per¬ 
haps the most accurate* Their first report on the best 

methed of proportioning the excise on spirituous liquors 

■ 

was pabiisiicvi in the Phiiosopliical Transactions for 1790, 
in which the specife gravities, from standard alkohol, 
through the several mixtures of it with water in different 
proportions, down to equal parts, were given; the expe¬ 
riments having been executed by IMr Gilpin, and the re¬ 
port drawn up hy Dr Blagden. In a supplementary re¬ 
port in the Tran^actio:^s for the specific gravities 

of the mixtures in v/hich the proportions of water arc 
larger were given, together with those formerly given and 
again repeated. And in the volume for 179t, a set of 
tables were published, showing the specific gravity of 
every mixture of alkohol and water, from 100 of alkohol 
to 1 of water, and 100 of water to 1 of alkohol, at the 
various temperatures from 30° to 80°, with additional 
columns, expressing their volumes, the diminution they 
suffer from the combination, the quantity of spirit per cent. 
and the decimal multiplier by which the quantity by mea¬ 
sure of standard spirit in the corresponding mixture may 

D A-i* 
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be ascertained. It was difficult to determine what consti¬ 
tuted pure alkohol, aS) although it had been taken at the 
least specihc gravity at which it could be procured} it was 
possible} that methods might afterwards be discovered of 
obtaining it at a specific gravity still lower, as has indeed 
actually happened. It was therefore as well to fix on it 
of a certain strength as a standard ; and as it can always 
be obtained without difficulty of the specific gravity of .825, 
this was taken as the standard, the temperature being 

60° of Fahrenheit. This standard alkohol consists, accord- 

• 

ing to Mr Gilpin’s experiments, of 4.5 of water, and 100 

I 

of alkohol of the specific gravity of .814. The following 
abridged table, formed by Mr Nicholson * from the more 
extensive tables, shows the specific gravities of the differ¬ 
ent mixtures of standard alkohol of the specific gravity 
of .825 at 60°, with the different proportions of water, for 
every five degrees of temperature between 30 and 80, In 
the supplementary report, the temperatures were carried 
even to 100, but those above 80 were omitted in the last 
tables, probably as being of little utility, and as being un¬ 
avoidably liable to inaccuracy, from the volatility of the 
spirit. 1 have therefore likewise omitted them. 


* Chemical Dictionary. 
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The specific gravity of the mixtures of alkohol and 
water is best determined by the hydrometer or gravime-> 
ter, of which there are different kinds in use. That of 
Fahrenheit, improved by Nicholson and Guyton, is pro¬ 
bably to be preferred, as the most accurate and delicate 
The other methods that have been employed to judge of 
the strength of spirituous liquors, as well as of pure al¬ 
kohol, are inaccurate. 

Alkohol is colourless, and perfectly transparent. Its 
odAur is fragrant, and its taste hot and pungent. It acts 
powerfully on the animal system, exciting exhilaration 
and intoxication. 

It is always fluid, not congealing even at the lowest 
cold that has been obtained by artificial methods : it is 
highly expansible, and is also very volatile. It evaporates 
quickly, when exposed to the atmosphere : it distils over 
in close vessels slowly at 100°, and boils at 165°. In this 
volatilization, it suffers no change but of form, being con¬ 
densed ill its original state. If suddenly exposed, however, 
to a high temperature, it is decomposed, new combinations 
being established among its elements. Thus, when trans¬ 
mitted through an ignited tube, it is converted into one 
or other of the varieties of oxy-carburetted hydrogen gas, 
according to the temperature, as has been already remark¬ 
ed, (vol. ii. p. 383. 390.). Watery vapour and carbonic 
acid gas are at the same time formed. 

Alkohol is highly inflammable. It kindles when the 
temperature is not much above 300°, when in contact 
with atmospheric air, and burns with a blue lambent 


Nicholson’s Journal, 4to, vol. i. p. 110. 
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flame, without any sensible smoke, and, when pure, with* 
•out leaving any residuum. It aflbrded, therefore, to the 
older chemists the best example of a substance'being en* 
tirely consumed by combustion. Yet some of them, 
as Boerhaave, observed, that a quantity of water may be 
condensed from burning alkohol; and with this, there is 
also formed a qifantity of carbonic acid gas. The quan- 
. tity of water was found by Lavoisier to amount to about 
eighteen from sixteen parts of alkohol. 

By performing the combustion in vessels adapted to 
collect the products, Lavoisier endeavoured to infer from 
this experiment its composition Of a quantity of al- 
kohol kindled in a lamp, there were burnt 93.5 grains, 
and, in the combustion of this quantity, 110.32 grains of 
oxygen were consumed: there was produced, carbonic 
acid gas to the amount of 95.28 grains *, and a quantity 
of water was condensed, which Lavoisier calculated to 


amount to 108.54 grains. From these results, he inferred 
the composition of alkohol; for, knowing the composition 
of carbonic acid gas, it was easy to determine, from the 
quantity of it formed in the experiment, what portion of 
the oxygen consumed had been spent in its formation, by 
combining with the carbon of the alkohol *, the remaining 
quantity of oxygen had of course gone to the formation 
of water, by combining with the hydrogen of the alko* 
hoi -y and what water appeared over this, Lavoisier suppos¬ 
ed to have pre-existed in the alkohol, as essential to its 
composition. On these grounds, he concluded, that aL 
kohol consists of 28.5 of carbon, 7.8 of hydrogen, and 


* Memoircs de I’Acad. des Sciences, 1784, p. 59S, 
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C3.5 of v^atcr. But allowing the accuracy of the resalt$;i 
which Lavoisier himself regaT4ed only as approximations,^ 
it is obvious, that the inference, that the large quantity of 
water formed in the combustion above that which could 
have been derived from the quantity of oxygen consuined, 
pre-existed in the alkohol, by no means follows, since it 
might have been rather the elements of this water, or, in 
other words, the alkohol might contain a portion of oxy¬ 
gen, which would contribute, with the oxygen of the air 
consumed, to the formation of the water and carbonic 
acid i and this inference is even more probable, than that 
so large a quantity of* water should exist in alkohol ready 
formed, combined merely with carbon and hydrogen. 
Alkohol is probably a ternary compound of these two ele¬ 
ments with oxygen. It would be in vain, however, to at¬ 
tempt, from Lavoisier's experiments, to assign the propor¬ 
tions of these, in the uncertainty which at present exists 
with regard to the proportions of the elements of carbonic 
acid, and in our ignorance of what is really pure alkohol. 
The existence of oxygen in its composition may also be 
inferred, from the products afforded when it is decom¬ 
posed, by being transmitted through an ignited tube. 

Alkohol is capable of combining with water in every 
proportion. Though, in this case, no new properties are 
acquired, yet it is a real chemical combination, as is evi¬ 
dent from the condensation which always accompanies it. 
In whatever proportion the two liquors are mixed toge¬ 
ther, the specific gravity of the compound is never the 
mean of the specific gravities of the separate fluids, but is 
always greater. Thus, if one part of alkohol, whose spe¬ 
cific gravity is 817, be mixed with one part of water whose ^ 
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speci6c gravity is 1000, the specific gravity of the com- 
j>P)ind will not be the mean of their respective gravities, 
008.5, but will be not less than 934 ; and a diil'crcnce will 
likewise obtain in whatever proportions the fluids are mix¬ 
ed. This difference proceeds in a decreasing ratio ^ that 
is to say, when ten parts of alkohol arc mixed with one 
of water, the di^crence in the specific gravity which is 
produced is greater than when the ten parts are mixed 
with two, and greater in this, again, than when mixed 
with three. The progression, however, is not regullr; 
and hence, the specific gravity of any possible mixture of 
alkohol and water cannot be calculated a priori^ but must 
be determined by actual experiment, as has been already 
remarked. 

The greater density which the combination of alkohol 
with water acquires, is accompanied with a diminution in 
the capacity for caloric, as has been ascertained by actual 
experiment j and hence, a rise of temperature always ac¬ 
companies their union. In the mixture of pure alkohol 
witli water, this is so considerable as to be perceptible to 
the hand. Their union is also accompanied with a hiss¬ 
ing noise, and the formation of air bubbles. When aiko- 
hol is diluted with an equal weight of water, it forms 
what is named Proof Spirit. 

In consequence of its alTinity to water, alkohol is capa¬ 
ble of precipitating many of the neutral salts from their 
aqueous solutions. There are others, again, which it does 
■ not precipitate, owing to the affinity it exerts towards them, 
^ and which, even in its pure state, it is capable of dissolv- 
^ing, particularly those which are deliquescent, which have 
ammonia, lime, or magnesia for thdir base or the nitric 
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or muriatic acid, for thair acid. From both of these 
properties, alkohol is a very useful re-agent in the anal]^- ^ 
sis of mineral waters, and under the consideration of that 
subject, will be more fully taken notice of. It has alrea¬ 
dy been remarked, that many of these saline substances 
give a peculiar tinge to the flame of alkohol in burning. 

Alkohol combines with the alkalis. It dissolves po- 
tassa and soda in their pure state; and from this proper¬ 
ty, as has been already remarked, it is employed in their 
preparation, and enables us to obtain themfreefrom foreign 
substances. It appears t 0 suffer a decomposition from 
the alkali, probably from part of its carbon and oxygen 
being combined by the resulting alTinity the alkali exerts, 
so as to form carbonic acid •, for the solution acquires a 
deep brown colour *, and according to Pelletier carbonate 
of potassa is formed, and the alkohol at length disap-, 
pears *. Ammonia may likewise be combined with alko¬ 
hol by distillation. Of the earths, strontites, and perhaps 
barytes, are dissolved by it. 

The iiciils combine with alkohol, and some of them de¬ 
compose it; but as a particular order of compounds re¬ 
sults from these action.s, they will be better considered af¬ 
ter the history of alkohol. 

Alkohol unites with sulphur, but to effect the combina¬ 
tion it is requisite that the sulphur should be presented to 
it in the state of vapour. In this way their combination 
was effected by Lauraguais f. According to Favre, how¬ 
ever, if alkohol be highly rectified or freed from water, 
it dissolves sulphur merely by applying heat, though less , 


* Memoires de Chimie, tom. i. p. 3‘il. 

•f Memoires dc PAcad^des Sciences, 17^58, p. 84. 
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than sufficient to cause the alkohol to boil. By digesting 
3 ^ ounce of ^kohol with two drachms of sulphur, he 
loutid from 13 to 23 grains to be dissolved, according to 
the heat applied *. The compound of sulphur and alkohol 
formed by the process of Lauraguais, is a liquid of a red* 
dish colour and foetid smell, resembling that of sulphu¬ 
retted hydrogen : it becomes turbid on cooling, and sul¬ 
phur is precipitated from it by the addition of water, 
llie proportion of sulphur it contains is about a sixtieth. 

Phosphorus is dissolved by alkohol: the solution isr'en- 
dered turbid, and jhe phosphorus precipitated on the af- 
fusion of water. When the liquor is poured on water, a 
tremulous but vivid light is perceived, when the experi¬ 
ment is made in the dark. 

Alkohol does not dissolve carbon, nor docs it combine 


with hydrogen. It absorbs, as has been already remark¬ 
ed, nitric and nitrous oxides. It exerts no action on the 
metals even when they arc oxidized, but it dissolves a 
number of the metallic salts. 


Alkohol is the solvent of a number of the vegetable 
proximate principles, as sugar, resin, extract, camphor, 
essential oil, and several of the acids. These combina¬ 


tions give rise to various compounds. With essential oils 
are formed the odoriferous essences and the distilled spi¬ 
rits. These are commonly formed by distillation. A 
quantity of proof spirit is poured on any aromatic frag¬ 
rant vegetable : a moderate heat is applied : the alkohol 
of the proof spirit dissolves the essential oil, anddistUsovcr« 
What are thus formed are. named Distilled Spirits, in epn- 


* Nicholson*# Journal, vol. xiii. p. 70. 
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traUistinctlon to Distilled Waters, prepared by distilling 
water from the plant. As the essential oils are readily soe' 
luble in alkohol, the spirit may be easily impregnated 
with them by agitation. 

Camphor dissolved in alkohol forms a compound, which 
is used in medicine as a stimulant. 

Resins dissolved in alkohol, as 1 have already remark¬ 
ed, form Varnishes. Balsams dissolve in it entirely, gum- 
resins partially. 

Ailcohol, from its power of dissolving these principles, 
is able to extract the active matter of many vegetables ; 
and when diluted with an equal part of water, so as to 
form proof spirit, its solvent power is still more extensive. 
Both in its pure and diluted state, it is therefore frequent¬ 
ly used in pharmacy to dissolve the active principles of 
many vegetable products, and thus to separate them from 
the ligneous fibre or other inert matter with which they 
may be mixed. Solutions of this kind are named Tinc¬ 
tures or Elixirs. 'I'liose that are prepared wdth pure al¬ 
kohol are decomposed by vi’atcr, the resinous matter 
being precipitated ; those with proof spirit, are in'gene¬ 
ral miscible without decomposition. 


The action of the more powerful acids on alkohol, it 
has been^remarked, is peculiar, and gives rise to an order 
of compounds of some importance from their peculiar 
properties. These, as produced by the dificrent acids, 
vary somewhat in their qualities: they also agree, how¬ 
ever, in the possession of certain general properties ; they 
• E« 0 » 
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Are highly volatile, odorous, pungent, and inflammablcjr 
miscible with water, and capable ofcombii%g with alho- 
hol in every proportion. These compounds arc named 
ETHERS ; the specific name of each being derived from 
the acid, from the action of which on alkohol it has ori- 

C 

ginated, as the sulphuric, nitric, muriatic, or acetic ether. 

-^Sulphuric‘ETHER is of these compounds the one 
which has been longest known. The following is the 
process by which it is prepared. 

Upon a quantity of alkohol in a retort, (selcctel^' thin 
at the bottom, so as to be capable of bearing a suddcrv 
heat), is poured an equal weight of sulphuric acid. The 
acid is added in a full stream, so that from its greater spe¬ 
cific gravity it falls at once to the bottom of the retort y 
it is then mixed with the alkohol above by frequent and 
moderate agitation. From this mixture the alkohol ac¬ 
quires a brownish colour; vapours having a fragrant odour 
are disengaged; and the temperature rises to about 180 of 
Fahrenheit. When the mixture of the acid and alkohol 
is complete, the retort is to be immediately placed in a- 
sand bath, and connected with two la^e receivers, which 
are kept cpol,*by water or ice. Heat is to be immediate¬ 
ly applied to the retort. The liquor boils when the tem¬ 
perature is raised to 208, the ether being formed at that 
temperature, and distilling over: the condensation of it 
is to be promoted by keeping the receivers cool with wa¬ 
ter, and the distillation is to be continued till about half 
the quantity of the alkohol employed has distilled over, or 
until the neck of the retort becomes obscured with white 
fumes, which condense into a matter of apparently an oiljr 
consistence. 

The liqubr which distils^ over into the receiver is the 
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soilphuri'c ether. If, to the residual liquor in the retort^ 
there be added half the quantity of alkohol employed in* 
the first distillation, on applying heat, a new production 
of ether will take place; and this may be repeated for s^- 
\»eral ymes. 

Towards the end of the distillation, a portion of sul¬ 
phurous acid is formed and disengaged, “with which the 
ether is so far impregnated, that i|s fragrance is injured, 
and its odour rendered pungent and acrid. A portion of 
water likewise distils over, by which it is diluted. The 
liquor in the retort, at the end of the distillation, is also 
found diluted with a portion of water i it is, however, 
thick, and of a black colour, frorti a quantity of carbona¬ 
ceous matter suspended in it. 

From the water and sulphurous acid the ether Is freed, 
by subjecting it to a second distillation with a very gentle 
heat applied by a water-bath, pure potassa being previous¬ 
ly added to it, in the proportion of two drachms to each 
pound j this attracts the sulphurous acid, and renders 
even the water rather less volatile. Another method of 
rectification, proposed by Pelletier *, and revived by 
Dize f, which I have found to succeed extremely well, is 
to distil the ether of the first distillation from a little black 
oxide of manganese, the oxygen of which combines with 
the sulphurous acid, converting it into sulphuric } and 
this, with the water, remains in the retort. Even after 
either of these processes, the ether may still contain a 
portion of alkohol, which usually passes over in the first 


* Memoires de Chimie, tom. i. p, 316. 
t Nicholson’s Journal, 4to, voL iii. p, 43. 
E c 2 
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Stage of the distillation. This is best abstracted by agita¬ 
tion with water, which imbibes the alkohol, and a little 
of the ether : the greater part of the ether floats above, 
rQay be drawn off, and, by distilling it with a very gentle 
heat, is obtained extremely pure. , 

A degree of obscurity still prevails with regard to the 
theory of the formation of sulphuric ether ; different views 
having been entertained of the agency of the acid on the - 
alkohol. The explanation that was generally given, after- 
the establishment of the theory of Lavoisier, was found¬ 
ed on the supposition, that the acid acts principally by 
cominunicating oxygen. Alkohol consists of carbon and 
hydrogen, with a portidh of oxygen ; when mixed with 
sulphuric acid, and exposed to heat, it was supposed that 
part of the acid suffered decomposition, its oxygen being 
attracted by the hydrogen of the alkohol, and forming wai¬ 
ter ; the balance of attractions between the principles of 
the alkohol being thus broken, part of its carbon is preci¬ 
pitated, and is diffused through the liquor, rendering it 
thick and dark coloured ; and the remaining quantities of 
its elements, its carbon, hydrogen, und oxygen, unite and 
form the ether. 

This explanation is founded on the supposition, that 
the sulphuric acid is decomposed In the process by which 
ether is formed. But a few years ago it was affirmed by 
Fourcroy and Vauquelin, from a series of experiments 
which they undertook to elucidate this subject, that such 
a dccontposition of the acid is not at all necessary to its 
formation that although it may take place to a certain 
extent towards the end of the process when the liquor is 
loaded with carbon, there Is no indication of it in the first 
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stage] during which, principally, the ether is formed } no 
sulphurous acid gas is discharged, and if the process bei 
stopt at the end of this stage, the remaining acid, they 
found, is capable of saturating the same quantity of alka¬ 
li, as before its mixture with the alkohol *. 

These chemists gave, therefore, a different view of this 
subject, which they applied even to the action of tliis acid 
on vegetable matter in general. They suppose, that the 
. sulphuric acid suffers no decomposition, and that it acts 
no ^thcr part than causing, by the exertion of a disposing 
ailinity, the decomposition of the alkohol. By this afBnity 
it disposes part of the'hydrogen and of the o^^ygfn of the 
alkohol to combine and form water: the balance of at¬ 
tractions being thus subverted, a quantity of carbon is se¬ 
parated, and the remaining carbon, hydrogen, and oxygen, 
combine and form the ether'. 

This theory, however, advanced by these chemists, is 
not perhaps perfectly established. Though they affirm, 
that the acid remaining after the formation of ether, sa¬ 
turates as much alkali as it would do previous to its mix¬ 
ture with the alkohol, the experiment by which this is 
supposed to be established, is not altogether without fal¬ 
lacy; During ihe formation of ether, there is always also 
a formation from the elements of the alkohol, of some of 
the vegetable acids, particularly of the acetous and oxalic. 
The oxalic, it has been acertained by the observation of 
Cadet, is formed copiously even without heat, merely by 
allowing the mixture of acid and alkohol to remain at rest 
lor some time. These will contribute to the saturation 


• Nicholson’s Journal, 4to,'Vol. i. p. 385. 
E*e 3 
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of the alkali; so that if none of the sulphuric acid were 
cdecomposed, more alkali ought in reality to be saturated 
by it after, than before its mixture with the alkohol. 

There are also some facts which appear to prove the 
necessity of the presence of some substance that can part 
with its oxygen, for the production of ether. Thus, ether 
cannot be formed from the muriatip acid, but it can with 
facility from the oxymuriatic : it is likewise formed with 
great rapidity by the nitric acid *, neither of which can 
exert a strong disposing affinity to water, though *^DOth 
very readily part with their oxygen. 

From these facts it is evident, that it is at least still 
doubtful but that the decomposition of the acid, and its 
affording oxygen, is necessary for the formation of ether. 
The quantity of sulphurous acid that may be produced 
hrom this decomposition, may be retained by the ether, as 
it is capable of combining with it; may enter into com¬ 
bination with its elements; or what is most probable, may 
be relaittcd by the sulphuric acid. 

Laudet and Dabit published some experiments’'^ in op¬ 
position to the theory of Vauquelin, in which it appeared 
to be proved, that ether is formed when alkohol and black 
oxide of manganese are mixed and exposed to the proper 
heat, a very small quantity of sulphuric acid (as an ounce 
to a pound of alkohol) being added, merely to favour their 
action ; and that muriatic acid heated with alkohol, gave 
no ether; while, if black oxide of manganese were added, 
an ether was formed : whence they inferred, that the com- 
tnunication of oxygen is necessary to the formation of 


•* Annales de Cbimie, tom. xxxiv. p. 282. 289. 
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ether. In opposition to these, Fourcroy and Vaoquelin 
aiHrmed, that the liquors thus formed differed from ether ^ 
in their constitution and properties *: but admitting this, 
they appear to approach to it; and the facts above stated 
still remain unfavourable to the theory of these chemists. 

Whatever opinion, however, may be formed as to the 
manner in which the changes that take place during the 
formation of ether are produced, the nature of the changes 
themselves seems sufficiently well ascertained. It is prov¬ 
ed, that a quantity of, the hydrogen of the alkohol is ex¬ 
pended in the formation of water, 'as the remaining acid 
is always in a diluted State : a still larger quantity of car¬ 
bon is also separated, and is mechanically diffused through 
the liquor. The ether, therefore, which is the only other 
product of the operation, is to be considered as a com¬ 
pound of hydrogen and carbon, and perhaps oxygen; dif¬ 
fering from alkohol in containing a much larger quantity 
of hydrogen proportioned to its carbon ; and* to this pre- ’ 
dominance of hydrogen its great levity and volatility are 
owing. This conclusion is confirmed, by its analysis by 
combustion, the products of which are water and carbonic 
acid } the former being derived from the combination of 
its hydrogen with the oxygen of the air, the latter from 
the same combination of its carbon. Hr Cruickshank 
found, that the vapour of ether requires about seven times 
its volume of oxygen to saturate it in combustion} the 
products being water and carbonic acid gas, the latter 
Amounting to 4.6 parts by measure. From this result, 
compared with a similar experiment on alkohol, he infer- 


* Annalcs de Chimie, torn, xxxiv. p. 318. 
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red 9 that the proportion of carbon to hydrogen in the ether, 
c is as 5 to 1 nearly, while in alkohol it is as 8 or 9 to 1 

Besides ether, there arc some other products formed 
during the action of sulphuric acid upon alkohol. To¬ 
wards the etid of the process an oily-like matter distils 
over, which has been named Sweet Oil of Wine.* This 
can be obtained, separate, by changing the receiver: it is 
unctuous, thick, and less volatile than the ether, but is 
soluble both in it and in alkohol. It is obtained likewise 
by ^distilling sulphuric ether from as^fresh quantity of •acid. 
Chemists are not agreed respecting its nature : Fourcroy 
and Vauquelin consider it as similar to etlier, and that it 
differs from that fluid principally in containing a larger 
proportion of carbon, which gives to it more density and 
less volatility. Other chemists, particularly Higgins, have 
aflnrmed, that it is a compound of ether and sulphurous 
acid, and that by the addition of an alkali which combines 
with the acid, a quantity of ether may be obtained from 
it. It does not appear, how’cvcr, that this combination 
can be formed directly, or that etlicr can combine with a 
large quantity of sulphurous acid, so as to assume the pro¬ 
perties of oil of wine; and though this substance may 
contain a portion of this acid, it is not improbable that it 
also differs from ether in its ultimate composition. 

At the same time that the oil of wine is disengaged, 
there is formed a quantity of olefiant gas, which passes 
off.-* It was in this process indeed, that the production of 
this gas was first observed j and the action of sulphuric 
acid on alkohol still affords us the best method of obtain- 


* Nicholson’s Journal, 4 to, vol. v, p. 
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Ing it pure. The same gas is produced, by passing the 
vapour of ether through an ignited earthen tube; but, 
when a glass tube is used, a different variety of carburet- 
ted hydrogen is obtained, as has been already stated, 
(vol. ii. p. 390). 

At this stage of the process the liquor becomes so load¬ 
ed with carbon, and at the same time is capable of bear¬ 
ing so high a temperature, that if the heat is kept up, the 
sulphuric acid is decomposed, and a large quantity of 
sulphureous acid gas and carbonic acid is produced. If 
the greatest care is not taken to keep the heat moderate,, 
the whole liquor is a{)t to swell suddenly up, and boil 
over into the receiver. If examined at this timej it is like¬ 
wise found to contain a portion of acetic and oxalic a- 

« 

cids mixed with the sulphuric acid, which is diluted with 
water, and through which the carbon is diffused. 

It remains to take notice,of the properties of Sulphuric 
Ether. 

When highly rectified, It is the lightest of all known li¬ 
quids. It is obtained without difficulty of the specific 
gravity of .732, and by careful distillation has been 
brought so low as .716. It is colourless and perfectly 
transparent has a strong pungent taste, and a fragrant 
penetrating smell. 

It is likewise the most volatile liquid. It evaporates 
rapidly even at the common temperature, and under the 
common pressure of the atmosphere ; so that it cannot 
be poured from one vessel into another widiout loss, and 
any part wet with it immediately becomes dry. In vacuo 
it boils at a temperature considerably below 32° : under 
the atmospheric pressure it boils at 98. In the sponta- 
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neous evaporation of ether, a large quantity of caloric is 

• absorbed, so as to produce cold: water inclosed in a small 
tube may be easilyfrozen, by ether evaporating from a piece 
of muslin wrapt round the external surface of the tube i 
and Dr Higgins has observed, that in the rapid evapora¬ 
tion of ether, the temperature in frosty weather falls so 
low as*—40. Ether congeals at—^47* 

Erom this volatility of ether it almost immediately en¬ 
larges the volume of any elastic fluid into which it is 
dropt i the volume at a common natural temperSture 
being doubled according to the' observation of Priestley, 
Hvho also observed, that the etheflal vapour in this case 
could not be condensed by cold, but was absorbed by wa¬ 
ter, 

« 

* Ether is highly inflammable, and, when kindled, burns 
with a clear white flame, witliout any smoke, and without 
leaving any residuum, the products of its combustion be¬ 
ing water and carbonic acid : the residual water general¬ 
ly gives indications, too, of sulphuric acid, which may ei¬ 
ther be adventitious, or perhaps is essential to the consti¬ 
tution of this species of ellier. From its high inflamma¬ 
bility, its vapour diflused in the atmosphere sometimes 
takes fire; or if a drop or two of ether be added to atmo¬ 
spheric air or oxygen gas, an explosion happens, on the 
contact of an ignited body. Mr Cruickshank found, that 
by agftating a little oxygen gas with sulphuric ether, the 
volume was exactly doubled : in this state, it did not ex.- 
plode *, but when one part of it was added to three partf • 
of oxygen, « an ignited body, or the el^tric spark, then 
produces a dreadful explosion It is also kindled by 


* Nicholson’s Journal, 4to, vol, v. p. 20^. 
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liyper-oxymuriatic acid gas. Mr Cruickshank relates a 
striking experiment from this combustion. If a bottle of , 
the capacity of three or four pints be filled with this gas, 
taking care to expel the water completely, and there be 
thrown into it about a drachm of ether, covering the 
mouth of the bottle immediately with a piece of paper, ia 
a few seconds, a white vapour is perceived moving cir¬ 
cularly in the vessel, which is soon followed by an explo¬ 
sion,'accompanied with flame. A considerable quantity 
of carbon is at the same time deposited. 

Sulphuric ether is soluble in water, but only in a limit¬ 
ed proportion. When highly rectified, it requires ten 
parts of water for its solution ; and this is a property by 
which we are enabled to determine its purity, as, if more 
soluble, it contains either water or alkohol. It is soluble* 


in alkohol in every proportion. 

Sulphuric ether exerts no sensible action on the fixed 
alkalis or earths. It unites with ammonia by distillation. 

Neither does it act*bn the metals ; but it is capable of 
decomposing the saline combinations of those that have 
a weak affinity to oxygen, by attracting that principle. 
Thus, muriate of gold dissolved in jt is gradually decom¬ 
posed, and the gold precipitated in its metallic form. 

On the simple inflammables, its action is somewhat si¬ 
milar to that of alkohol. It dissolves sulphur, as Favre 
has shown, one ounce of ether dissolving about twenty- 
five grains: the solution has a strong sulphurous smell 
and taste : it is less soluble in water than pure ether, and 
deposites sulphur as the ether volatilizes Ether likewise 


f 


^ Nicholson’s Journal, vol. xiii. p* 69* 
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dissolves a small proportion of phosphori£is : this solutioni 
• like the phosphuretted alkohol, is decomposed bjr water, 
but does not, like it, appear luminous during the decom¬ 
position. 

ether is a solvent of many of the 
proximate principles, as the essential oils, camphor and 
resins. It is also, as has already been remarked, the most 
powerful solvent of caoutchouc. 

In medicine, it is employed as a diffusible stimulant. 

Nitric Ether. The action of nitric acid on alkohol 
is so violent, that the formation of nitric ether is extreme¬ 
ly difficult, and requires considerable precaution. One 
part of the acid may be added gradually to three parts of 
^ alkohol without any risk; and after standing for some 
days, to allow of their reciprocal action, heat may be apt* 
plied, when a portion of nitric ether that has been form¬ 
ed distils over, with a quantity of unchanged alkohol. A 
preparation of this kind has been long known in phar¬ 
macy, under the name of Sweet Spirit of Nitre. But 
when the proportion of acid is increased, the action be¬ 
comes very violent; a quantity of aerial fluid is suddenly 
formed, and disengaged at each addition ; and it requires 
particular arrangements to admit of so much acid being 
added as is sufficient to convert the whole of the alkohol 
into ether. 

The method proposed by Navier is, to put into a strong 
earthen-ware bottle twelve parts of allllhol, and immerse 
it in water or ice ; eight parts of nitrous acid are to be 
added in successive portions, mixing them by agitation at 
each addition; the bottle is well corked, and tied over, 
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and is put in a ^6o\ place. At the end of six days, the 
cork is to be perforated, to allow a quantity‘-of aerial fluid • 
that has been formed, and is retained by compression, to 
escape. The bottle is then uncorked, the liquid poured 
into a funnel, and the acid liquor beneath allowed to run 
off from the ether which swims above. 

An Ingenious method, somewhat similar, but less ha* 
7arclous, wa^ employed by Dr Black.' He first poured 
into a strong flint-glass bottle six ounces of alkohol; then, 
by a funnel, the tube of which reached to the boitom of 
the bottle, he poured in two ounces of water gently, so 
that it did not mix .with the alkohol, hut raised it above 
it i and, lastly, he poured in four ounces of nitrous acid 
in the same manner, so that the small column of water was 
interposed between it and the alkohol. The phial was set* 
aside for some time in a cool place : the water attracted 
the alkohol at the one surface, the acid at the other, aj\d 
thus brought them very gradually together, so as to admit 
of their reciprocal action without violence. At the end 
of a few months they were completely mixed, and nitric 
ether formed, which floated above, was withdrawn, and 
rectified by distillation. 

Various other methods have been employed. The 
process of Woulfe consists in connecting a high-necked 
tubulated retort or matrass with a large globular recei¬ 
ver, which is connected by a tube with a range of tubu¬ 
lated bottles, in which water or alkohol is put; eight 
ounces of alkohol4re poured into the retort, and six oun¬ 
ces of nitrous acid are added in successive portions. At 
each addition, after a certain quantity of acid has been 
added, there is a disengagement of gas. At the end of 
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the operation a quantity of nitric ethei^^ound to have 
been formed and volatilized by the heat produced by the 
mutual action of the acid and alkohol: it is collected m 
the globular receiver^ or in a bottle connected with it, is 
removed, and may be rectified by mixing it with^ water, 
and afterwards distilling it. The alkohol in the receivers 
contains a portion of it also, and may be employed in a 
repetition of the process ; and the residual liquor in the 
retort contains also alkohol impregnated with ether. 
Woulfe afterwards modified his process, by using alkohol, 
nitre and sulphuric acid, four pounds of nitre being put 
into the retort, and a mixture of 4 lbs of sulphuric acid, 
and 3 lbs. 5 ounces of alkohol being added to it, in 
quantities not exceeding two ounces at a time, and only 
after the disengagement of elastic fluid from the previous 
addition has ceased. Pelletier has observed, that after re* 
Ideating all the processes known to him for the prepara¬ 
tion of nitric ether, he found this to succeed best; nor 
could he discover in the product of it the most minute 
portion of sulphuric acid *, 

The theory of the formation of nitric ether is as ob¬ 
scure as that of sulphuric ether. It is ascertained, how¬ 
ever, that even from the commencement of the process the 
acid is decomposed *, nitric oxide gas is disengaged ; and 
Pelletier found even that in following the process of 
Woulfe, the decomposition was complete, nitric acid not 
being discoverable, either in the liquor which passed over, 
or in the residuum. 

This appears, too, very clearly from some experiments 


* Metnoires de Chimie, tom. i. p. 99. 
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by Bayen. HUbcertained what quantity of carbonate of 
potassa was necessary to saturate a certain quantity of ni.* • 
trie acid} one ounce required 282 grains. He tlien digested 
one part of acid with two of alkohol, for five weekSi and at 
the end of this time he found the liquor was not capable 
of saturating half the quantity, that the acid previous to 
its mixture would hav.e done ; three ounocs of it contain¬ 
ing one ounce of acid, saturating only 134 grains'of the 
carbbnate, so that even without the application of heatj 
much of the acid had been decomposed. He then repeat¬ 
ed the experiment, applying heat, and after distillation 
mixing the product and residual liquor together, and 
found that three t>unces of it saturated only 32 grains. 
And as a quantity of oxalic acid is formed in the process, 
it is probable that it principally had produced this effect ^ 
,fio that in this case the whole of the nitric acid had suf¬ 
fered decomposition 

It is also proved, that in the formation of nitric ether, 
the alkohol suffers decomposition, as in the residual li¬ 
quor oxalic and acetic acids are formed. There is no de¬ 
position, however, of carbonaceous matter, as there is in 
the formation of sulphuric ether, the residual liquor being 
quite transparent, and of a light colour. It appears to 
follow, therefore, from these facts, that in the formation of 
nitric ether, part of the elements of the alkohol combine 
with oxygen from the nitric acid, and form oxalif and 
acetic acids \ carbonic acid gas too, is formed and disen¬ 
gaged, as r*.llct3ft- found, in considerable quantity, and 
much of the nitric acid mixed with nitric oxide and ni- 


* 
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ttogen gases *. It is diflicult, Iiowevetf|S determine iii 
• vhat manner these facts are to be combined, so as^to give 
with precision the theory of the formation of nitric ether; 
nor is it very apparent, whether any of the elements of 
the nitric acid enter into'its composition, or whether they 

t 

are entirely disengaged during the process. It might be 
supposed, that ib must contain more,carbon than sulphuric 
ether, ks none is deposited during its formation ; but we 
are not certain what quantity is carried off in the st 2 tte of 
carbonic acid. 

Nitric ether has some resemblance in its properties to 
sulphuric ether. Like it, it is light and volatile, and has 
been said, when highly rcctilied, to have these qualities 
even in a higher degree than sulphuric ether. It is also 
inflammable, burns with an enlarged dame, and is said to 
doposite more charcoal. It is soluble in water and in al- 
kohol. Its odour is strong, though scarcely so agreeable 
as that of sulphuric ether;.in the state, however,of what 
has been named Dulcified Spirit of Nitre, it is more frag¬ 
rant. Its colour is usually yellow; but this, as well, 
probably, as some of its other qualities, appears rather to 
be owing to the presence of nitric acid, surcharged, per¬ 
haps, with nitric oxide. Thus, when kept, it continues 
to emit an elastic fluid, and tinges the cork of the phial 
yellow or re4» and Deyeux found, that when one part of 
it is |nixed with sixteen parts of water in a bottle with a 
tube, the nitric gas which it contains is separated from it 
by a spontaneous effervescence: after.' this, it ceases to 
emit gas on keeping. Another proof of the presence of 
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nitric acid or dUe ia-it is, that when kept a long time, 

crystals of oxalic acid are formed gnd deposited. Deyex)x 

found, that it is rendered colourless by distilling it from 

the alkalis, or from sugar, which appears to be oxidized 

by this distillation *. It is only as thus rectified that it 
* 

can be regarded as pure ; but in this state its properties 
have scarcely been examined. 

The residuum of nitric ether is transparent, of a yellow 
colour : its smell, as Fourcroy has remarked, is aromatic, 

and its taste acid and pungent. When distilled, it affords 

• 

a fragrant acidulous liquor ; and what remains in the re- 
tor£ deposites crystals of oxalic acid. ^ 

When equal parts of nitric acid and alkohol are mixed 
together, a strong effervescence soon takes place, and a 
gas is disengaged, which is slowly absorbed by water, ex¬ 
plodes when mixed with oxygen,and kindled, and is de¬ 
composed by sulphuric, nitric, and muriatic acids, which 
disengage from it nitric oxide gas. It has been named 
Nitrous Etherized Gas by the Dutch chemists, who first 
took notice of it, and appears to be a compound of nitric 
ether and nitric oxide gas. 

« 

Muriatic Ether. Chemists always found it imprac¬ 
ticable to form an ether by the action of muriatic acid on 
alkohol, in whatever state of concentration they used it. By 
using, however, the acid in a state of combination 
metallic oxides, from which a portion of oxygen might be 
derived, they succeeded more or less completely in form¬ 
ing a species of muriatic ether, as by the medium of the 

* Annales de Chiuiie, tom. xxii. p. 144. 
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muriate of antimony, tin, or zinc distillild with alkohoK 
* iPrior to the discovery qf oxymuriatic acid, the rationale 
of these operations, however, was not understood. No 
sooner had this discovery been made by Scheele, than he 
availed himself of it to attempt the formation of muriatic 
ether, by distilling muriatic acid from black oxide of man¬ 
ganese, receivitig the gas ia alkohol, and afterwards rec¬ 
tifying this liquid by d-stilktion with a very gentle heat. 

The success of this process, however, Scheele found to 
be imperfect *, and the product approached rather to an 
cnl in appearance than a light ether. And Berthollet 
found| that though, by passing a current of oxymuriatic 
acid gas through alkohol, it was absorbed rapidly, and 
passed to the state of muriatic acid, while the alkohol ac¬ 
quired an odour of ether, which became stronger on a 
repetition of the process ; yet, on repeating it a third and 
fourth time, this odour diminished, and at length was 
nearly entirely lost, the liquor having rather the smell of 
vinegar; and on distilling it, after a small quantity of 
etherial liquor passed over, there was obtained only a wa¬ 
tery liquor, which had the odour of burnt sugar ; the re¬ 
siduum had the same odour, and even the taste, of this 
substance very strong, and contained a quantity of acetic 
acid *. This result, it may be remarked, is a singular 
one, as apparently proving the reproduction of sugar from 
alkohol. 

Scheele had also distilled together muriate of soda,, 
black oxide of manganese, sulphuric acid, and alkohol, 
to produce muriatic ether; and this process was after- 


* M^moires de I’Acad. des Sciences, 1785, p. 309* 
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wards employed by Pelletier. He introduced into a ta¬ 
bulated retort a mixture of eight ounces of black oxide of* 
manganese, and a pound and a half of muriate of soda, 
on which was poured a mixture of twelve ounces of sul¬ 
phuric acid and eight ounces of alkohol. On applyi^ 
heat, a liquor was obtained highly etherial, weighing ten 
ounces, from which, by rectification, foul: ounces of ether 
were procured 

]^elletier observed, that, in this rectification, when the 
alkali is added, an effervescence takes place, and an oily 

t 

matter separated in large quantity, which remained float¬ 
ing on the residual liquor. According to Van Mons, this 
oil is produced by the.action of the oxymuriatic acid on 
the muriatic ether; and from this circumstance, it is 
scarcely possible, he afnrms, by the process of Scheele 
and Pelletier, to obtain that ether in any quantity. It at 
first floats on the surface of the w^ter ; but, if not soon 
separated, or when submitted to rectification, it is con- 
verted into this oil, which gradually becomes thick, from 
the continued action of the acid. And when ether ap>> 
pears to have been formed by the process of Pelletier, he 
supposes that it has been sulphuric ether, somewhat dis¬ 
guised by intermixture of the other products. 

He therefore proposes the following process to form 
muriatic ether : Place a retort in a sand-bath, and connect 
it with a ^lass balloon, and two of Woolfe^s bottles ; put 
into the bottle 100 parts of muriate of soda perfectly 
dry, and into the balloon and bottles the same quantity 
of alkohol. The joinings being luted, 50 parts*of sul- 


* M^moires de Chitnie, tom. i. p. 142. 
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phuric acid are to be poured on the salt, and the opera- 
•tion is left to proceed in the cold for five or six hours. A 
moderate heat is then to be gradually applied. The mu¬ 
riatic acid gas passes over, and is condensed by the alko- 
hoi. The whole of this liquor is then put into a retort, 
with 20 parts of oxide of manganese in fine powder j and 
there is put into \he receiver and bottles a solution of pure 
potassa. It is distilled with a gentle heat: the muriatic 
ether pa^s over, and the re-action of any excess of oxy- 
muriatic acid gas upon it, which would change it to oil, 
is prevented by the alkali. The ether is then to be recti- 
fied, by mixing it with twice its bulk of water, and dis¬ 
tilling it by a very gentle heat , 

Mr Bossa likewise observed, that, by the usual process 
with oxymuriatic acid, a muriatic ether could never be 
formed, but only a heavy oily fluid : And he has affirmed, 
that it may be formed from muriatic acid. His process 
is to pass a current of muriatic acid gas from 20 ounces 
of perfectly dry muriate of soda, and 10 ounces of sul- 
jJhuric add, gradually mixed, in a retort, through 10 
ounces of highly rectified alkohol, placed in a bottle with 
tvro necks, kept cool, Tlie alkohol thus charged wdth 
acid is .distilled to one half: the distilled liquor is to be 
agitated with an alkaline solution, to remove any super¬ 
fluous acid ; and the liquid which floats above is the mu¬ 
riatic ether f. The result of this process is in opposition 
with the experience of former chemists, who were always 
unable to form an ether with muriatic acid. 


* Philosophical Magazine, vol. vii. p. 48. 
f NiclK)lson*8 Journal, vol. v, p. 221. 
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The properties of muriatic ether have not been proper¬ 
ly described, from the diHiculty of obtaining it pure. *It^ 
is said to be light, transparent, and volatile, inflammable, 
emitting, while burning, a pungent odour, and to have a 
styptic taste. 

A process has been given by%oudet for the preparation 
of Phosphoric Ether. He mixed liquid phosphoric acid 
of a’thick consistence and alkoholin equal proportions, in¬ 
troduced the mixture into a tubulated retort connected 
with a receiver, and with nn Woolfe’s bottle, which was 
filled two-thirds with Ihne-water : heat was applied, so as 
to cause the mixture to boil j a portion of unchanged al- 
kohol first dif.tilled over 5 this w.is succeeded by a liquor 
having an etheri.il odour, mixed a little with that of gar¬ 
lic : it reddened slightly the syrup of violets : wliea rec¬ 
tified by distillation, with the addition of carbonate of 
magnesia, the product was colourless, and had an odour 
somewhat similar to that of sulphuric ether : it was vola- * 
tile, and highly inflammable, its combustion not^being ac¬ 
companied with any smoke. It floated on the surface of 
water, but, by agitation with it, vras dissolved. It dissolv¬ 
ed the volatile oils, and also phosphorus. Its specific gra¬ 
vity was inferior to that of alkohol, being as 94 to 200. 
After its production, when the heat was much raised, a 
quantity of oily matter was distilled over, and carburetted 
hydrogen was disengaged. The residual liquor was of a 
dark brown colour, and contained a large quantity of phos¬ 
phoric acid *. 


* Annales de Chimie, tom, xl. p. 123. 
Ff 3 




454 


VINOUS FERMENTATION. 


Fluoric Ether has been said to be formed by put- 
.tiftg fluate of lime, previously ignited and in powder, 
into a retort, with equal weights of alkohol and sulphuric 
acid, and distilling to dryness. The product of this distil¬ 
lation was again distilled to one half, and a portion of fluor¬ 
ic acid abstracted from it by a solution of potassa, which, 
at the same time, precipili^ed a portion of silcx, so as to 
render the whole gelatinous. This, on being again dis¬ 
tilled, afibrded an ether of the specific gravity of 0.720, 
‘ which burnt with a blue flame, and had a bitter tast^. It 
is added, that it greatly resembled sulphuric ether j and it 
is not improbable, that it may have been merely this ether 
disguised 

Acetic Ether has been known for a considerable 
time to chemists, Lauragais having given in 1759 the pro¬ 
cess for preparing it, by distilling alkohol, with the con¬ 
centrated acetic acid that is procured by the decomposition 
of acetate of copper by heat. Scheele, as well as other 
chemists,, have been unable to form it; but Pelletier has 
observed, that it is procured with certainty, by distilling 
alkohol repeatedly from the acetic acid. The alkohol at first 
acquires an etherial odour, but is miscible with water; by 
returning it on the residual liquor, distilling it, and repeat¬ 
ing this for a third time, this becomes stronger; the acid 
contained in the liquor thus procured was saturated by the 
addition of carbonate of potassa ; and, by distillation, there 
was procured from it a pure acetic ether, in quantity about 
half of the alkohol employed f. It was soluble in water 


♦ Nicholson's Journal, vol. viii. p. 143. 
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in limited quantity, seven measures dissolving three. It 
has an agreeable odour, etherial, but in which the smell ^ 
of acetic acid is also perceptible. It is very volatile and 
inflammable : it bums with ^ clear light, and leaves a lit¬ 
tle charcoal. 

According to Pelletier, acetic ether may likewise be 
formed by distillation, from a mixture of. sulphuric acid, 
acetate of copper, and alkohol; and, according to La- 
planbhe, it may be obtained from a mixture of sulphuric 
acid,* alkohol, and acetate of lead. 


To the vinous fermentation probably belongs that kind 
of fermentation which takes place in the raising of bread. 
A small quantity of yeast is mixed with the flour ; or, 
without this addition, a quantity of the flour of wheat is 
mixed u^ith hot vvater, allowed to stand for a day or two, 
and is then used as a ferment. A portion of it, or of the 
yeast, is mixed with flour into a soft paste, and is kept in 
a warm place i it swells up, becomes spongy, from the 
extrication of a quantity of air, and, were the fermenta¬ 
tion allowed to continue, would become sour. A small 
quantity of this leaven, as it is named, is mixed with the 
dough from which the bread is to be baked: a degree 
of fermentation is thus excited, and the gas extricated 

raises the d.QUgh. It is spon checked by the baking; but 

« 

its effects remain, and give rise to the sponginess, porosi¬ 
ty, and consequent lightness of well-baked bread. Hie 

bread fermented with yeast is less liable to become sour 

♦ 

than where the ferment from flour merely is used. 

ff* 
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Though some chemists have considered this as a pepu* 
liar species, of fermentation* there can be no doubt* that 
it is perfectly analogous to the vinous. Dr Pennington 
had denied this* from finding^ that* on submitting dough 
to the action of yeast for three quarters of an hour* and 
then subjecting it to distillation* it gave merely 'water, 
without any spirit. But* as Mr Collier very justly remark¬ 
ed* this can only prove* that a complete fermentation is 
not necessary to raise bread. It is easy to conceive,* that 
it may proceed a certain length, so as to produce th3t ef¬ 
fect, by the extrication of carbonic acid, and yet not fully- 
convert the fccula of the flour into*alkohol. And-Mr Col¬ 
lier found, that, on subjecting wort for the same length 
of time to the action of yeast, though it exhibited every 
sign pf fermentation, it gave no spirit by distillation *. 
That it is the vinous fermentation which happens in the 
raising of bread from the action of the ferment on the 
flour, is also sufficiently proved by the fact, that, if not 
checked* it soon runs into the next stage of fermentation* 
the acetous* as is evident from the bread becoming sour* 
and from its peculiar smell in this state. And in sufl^er- 
ing this change* it consumes* according to Saussure f* a 
portion of the oxygen of the air, in the formation of car¬ 
bonic acid, whicl^is precisely the chemical action that 
takes placpiin the acetous fermentation. 

——— ■ ' III *4._ _- __ 

* Manchester Memoirs* vol. v, p. 255. 
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SECT. II. 


OF THE ACETOUS FERMENTATION, 

i 

If liquors which have undergone the vinous fermenta.* 
tlon be kept nt a temperature not much below 60'^, and 
with’ the air not entirely excluded, they gradually suffer 
another change : they lose their vinous flavour, pungency, 
and intoxicating quality, and become more or less sour. 
Chcipists have considered this as a second stage in the ge¬ 
neral process of fermentation; have named it the Ace¬ 
tous ; and the product forms Vinegar or Acetic Acid. 

Not only do vinous liquors suffer this change, but every 
substance susceptible of the vinous can likewise pass into 
the acetous fermentation. Hence, sugar dissolved in wa¬ 
ter, sweet vegetable juices, or infusions of grains that have 
been malted, can be converted into*vinegar. recula,€vea 
without the previous process of malting, is equally sus¬ 
ceptible of it; for, in the process of starch-making, a 
quantity of vinegar is formed, not merely from the small 
portion of saccharine matter in the grain, but likewise, 
as Vauquelin, in his analysis of the sour liquors of 

i 

the starch-makers, has remarked, from the fccula itself*. 

Even substances which are not at all susceptible of the 

% 

vinous fermentation, it appears to be established, may suf¬ 
fer the acetous. This is indeed contrary to an opinion 
formerly maintained, which regarded the acetous merely 


* Aunules de Chiniic, tom, xzxvui. p. 261. 
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va a continuance of the Tinous fermentation, and as ne- 
, cessarily preceded by it. But it often happens where the 
former cannot he traced, and where there is no reason to 
suppose that it ever did exist, as in vegetable juices or in¬ 
fusions containing much mucilaginous with scarcely any 
saccharine matter, which soon become sour; and the 
sourness which,evea pure mucilage, or absolution of gum 
in water suffers, is probably owing chiefly to the produc¬ 
tion of acetous acid. 

Nor is pure alkohol, in any state of dilution with* wa¬ 
ter, capable of undergoing the acetous fermentation: there 
must always be present other vegetable principles,as sugar, 
mucilage or farinaceous matter. Even a certain propor¬ 
tion of these is requisite. Hence strong wines do not 
become so readily sour as weak or sweet wines \ for the 
same reason wine that has been clarified is less liable to 
ferment $ and strong wines can be made to pass into the 
acetous fermentation more easily, by adding to them su¬ 
gar or jpiucilage i and. wheu these highly spirituous wines 
are thus made to ferment, they furnish a much stronger 
vinegar than those which are weak. Even the vegetable 
acids appear to contribute to it, and in the cpnyersion of 
sweet vegetable juices or of wine into vinegar, there is rea¬ 
son to believe that the malic and tartarip acids they con¬ 
tain are partly changed and pass into the acetic acid. 

The addition of some substances which act as ferments, 
appears also to be requisite. It is true, that wine and 
other fermented Uquors will of themselves become souy 

a certain time ; but th^ is probably from their contain¬ 
ing a portion of matter analogous to ferments, and which 
fxcites the change. In preparing vinegar^ it is known that 
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« certain quantity of such matter must he added, either a 
portion of the substance which has beeu deposited from 
a liquor that has previously passed into vinegar, or a 
quantity of yeast; and there is every reason to believe, 
that it is*vegetable gluten which is the essential principle* 
of these ferments. Fourcroy and Vauquelin accordingly 
found, that when sugar was added to* w;ater which had 
stood over the gluten of wheat, it quickly formed vine¬ 
gar ; *and Berthollet obtained the same result from a mix¬ 
ture df gluten and starch *. This principle Vauquelin re¬ 
marks contributes to the formation of vinegar in the li¬ 
quor formed in the manufacture of starch ; and the matter 
which is contained in common vinegar from malted grain, 
and which renders it so liable to a kind of putrefaction, 
is, according to this chemist, vegetable gluten. 

The admission of the atmospheric air is essential to the 
acetous fermentation. Hence wines that are well bot¬ 
tled may be kept for a long time uninjured, and the more 
free the exposure to the air is they become sooner sour. 
The oxygen of the air is at the same time always absorb¬ 
ed. According to Saussure, this oxygen is not absorbed 
so as to enter into the composition of the acid, but is ex¬ 
pended entirely in abstracting carbon, and of course 
forming carbonic acid. In keeping wine in contact with 
oxygen gas for a year in .receivers closed with mercury^ 
he found it converted into vinegar ; but the diminution 
of the volume of the gas never exceeded, but was always 
inferior to the volume of the wine *, and hence, accord¬ 
ing to the view he gives of the*^experiment, the oxygen 
had combined with carbon so as to form carbonic uid, 

— 11 I III ■■ I ■! I. H p . I jU——— 


* Annales du Museum National, tom* yii. 


460. ACETOUS. FERM^EI^TATION. 

which had been absorbed by the liquor. And according¬ 
ly he found) that when he made the experiment with 
wine previously impregnated with carbonic acid gas» this 
wine, under the same circumstances, was equally convert-, 
ed into vinegar, but without the volume of th*e elastic 
Huid above it being changed i the oxygen consumed being 
replaced by an jequal volume of carbonic acid gas *. 

A certain degree of temperature is requisite to the a- 
cctous fermentation. It takes place slowly, even below 
60 } but it proceeds with more rapidity between 60 and 
BO; and^in^forming vinegar artificially the temperature is 
kept high. ^ If it fall below 50, it'is nearly chocked ; and 
hence wines can be longer preserved by being kept below 
this temperature. 

The phenomena which occur in the acetous fermenta¬ 
tion are somewhat analogous to those in the vinous. 
When it is proceeding rapidly, there is an intestine mo- 
tion^not accompanied however with such a disengage¬ 
ment of elastic fluid as in the vinous fermentation; the 
liquor is turbid, and its temperature rises ; its smell be¬ 
comes perceptibly acetous. These appearances at length 
subside, and the liquor gradually becomes clear, having 
deposited a kind of glutinous sediment somewhat similar 
to yeast. 

. The theory of the acetous fermentation is not yet com¬ 
pletely elucidated. Since the strength of the acid which 
is formed from it is proportioned to the quantity of alko- 
hol, or of matter of a composition analogous to alkol;|oI 
and in general capable of passing into it, and since thi$ 


* * Recherches CbimiqueB, p. 144. 
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alkohol disappears during the fermentation, Lavoisier sup¬ 
posed that the theory of the process might be inferred 
from the changes which this principle can be supposed to 
suffer; and, as he found that during the change oxygen 
is absorbed, while scarcely any sensible quantity of car¬ 
bonic acid is extricated, he concluded, that the acetous 

I 

fermentation consists in the oxygenizemrent of the al- 
Irohol. If the experiments of Saussure be admitted as 
correct in proving that as much carbonic acid is formed 

I • 

as. corresponds wdth the quantity of oxygen consumed, 
this acid being retained by the liquor, the theory of La¬ 
voisier would require to be so far modihed, as to ascribe 
the change of alkohol into vinegar rather to the abstrac¬ 
tion of carbon than the fixation of oxygen j leaving of 
course, hovvever, a larger proportion of the latter princi¬ 
ple in the composition of the acetic acid. 

This simple view cannot however be received as altoge¬ 
ther just, since alkohol alone cannot undergo this change, 
ror can it by oxygenizement be converted into acetic 
acid 5 and since the presence of mucilage, saccharine mat¬ 
ter, or other principles, is always necessary to the acetous 
fermentation, the operation of which is not explained in 
conformity to this theory. Neither does it explain the ac¬ 
tion of the ferment which appears to be nearly equally 
indispensable. It will afterwards appear, that nitrogen 
probably enters into the composition of acetic acid *, and 
the operation of the ferment may be partly tliat of afford¬ 
ing this element. 

Vinegar, the product of the acetpus fermentation, is 
prepared in different countries from different materials. 
AYhere the grape is cultivated, it is obtained from weal: 
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or spoilt wine. This is kept in a proper temperature with 
the access of the air, and the fermentation is excited by 
the addition of a quantity of the sediment of vinegar, of 
wihe already sour, or of the lees of such wine. The pro<* 
duct is stronger in proportion to the previous strength of 
the wine. In this country it is prepared either from un¬ 
refined sugar, or from t.ic wort obtained by infusion from 
malted grain; the fermentation beliig excited by yeast, 
and being carried on in a wirm apartment. This vinegar 
is in general inferior in strength and purity to that frpm 
wine, and is more liable to become mouldy, or suffer the 
putrefactive fermentation. This appears to be owing 
chiefly to the presence of glutinous matter i and hence 
the rationale of the method which Schceiw pointed ou<- as 
the best for preserving vinegar, that of heatin'/ it, and 
bringing it even to boil for a few minutes, the gluti.ious 
matter being separated by n kind coagul.-tion. 

Vinegar, when fully fermented, is clear and limpid, of 

a yellow or reddish colour, having an odour agreeable and 

« 

somewhat pungent, and a taste sour but not di'^agrceable. 
It differs, however, in its strength and purity as prepared 
frpm different materials. It is always very largely dilu¬ 
ted, or the acid which is its essential part is combined 

with a large quantity of water; and with |his are in solu- 

% 

tion portions of gluten, mucilage, sugar,and extractive mat¬ 
ter, from which it derives colour, and frequently some of 
the vegetable acids, particularly the malic and tartaric. 
It is in this state, as prepared by fermentation, that it is 
itsed as a condiment* 

The acid which exists in vinegar, is also formed in 
ether chemical processes than fermentation. Thus it is 
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produced spontaneously, as has been already remarked, in 
the liquor in which wheat is macerated in the formation • 
of starch: it appears frequently in cases where vegetable 
matter has beed acted on by sulphuric, nitric, or oxy- 
murutic acid, as in the preparation of ether, and in a 

f 

ber of analogous operations; and it is produced in die 
decompusiti )n of many vegetable substances by heat, con¬ 
stituting what the ’.’u-inlsts formerly named the Empyreu- 

% 

matic Vegetable fields. It also exists ready formed in 
the s*ap of many vegetables, as has been already stated. 

From vinegar it is procured with most facility, and dif¬ 
ferent processes arc followed to obtain it pure and con¬ 
centrated. The simplest method of obtaining it pure, 
wca IS by distillation. A quantity of common 
vinegar io distilled in a retort with a sand heat, or in a tin 
still with the fuel directly applied. The first portion that 
passes over to tl.e amount of about -J- of the vinegar, is 
little more than u uttr, and is therefore rejected : what 
passes next is '^cid, and forms the distilled vinegar. When 
about hive been distilled, the residual liquor becomes 
so loaded with extractive matter,, and at the same time re¬ 
quires so high a temperature to keep up its ebullition, 
that wete the distillation continued it would be scorched, 
and the distilled liquor would acquire a very unpleasant 
cmpyreumatic odour. It is therefore stopt. The residual 
liquor, however, is still strongly acid, even more so, in¬ 
deed, than what has passed over. If the receiver be chang¬ 
ed, this strong acid may be distilled, and can be applied 
to some uses ; or by adding to the residual liquor a por¬ 
tion of water, the distillation may be recommenced, and a 
fluid similar to what has before been collected be obtain- 
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ed.^ At the very end of the operation, when it Iius been 
« cartied on without dilution, there remains a liquor of a 
deep red colour, very empyreumatic, acid, and which on 
Standing deposites super-tartrate of potassa. The extr'ac- 
tive matter, when urged with a strong fire, yields the 
usuJil products of vegetable matter, with a portion of am¬ 
monia. 

Distilled vinegar is limpid and colourless. Its odour 
is fainter and less pleasant than that of common vinegar ; 
its taste less sour, and its acid powers, as may be inferred 
indeed from what has been said of its preparation, are 
weaker. It is purer, however, and’ is not liable to decom¬ 
position on keeping. It is principally used in pharmacy. 

Vinegar can be concentrated by freezing : the congela¬ 
tion takes place at a temperature below 28°, more or less 
according to its strength, and the congealed part is mere¬ 
ly icc,Jicaving of couisc a stronger acid. If the process be 
performed on distilled vinegar, or conducted in the man- 
net described by Lowitz, a very pure acid is at the same 
time obtained. He freezes a large quantity of vinegar, 
and distils the unfrozen part in a water-bath; .the distil- 
Jed vinegar thus procured, is again congealed, and the li- 
* quid portion is lastly distilled from a quantity of charcoal 
powder. A highly concentrated acid, of an agreeable 
odour, is thus obtained. If it be exposed to a very in¬ 
tense cold, equal to —38°, it shoots into crystals i when 
the fluid part is withdrawn, the crystals liquefy when the 
temperature rises, and the liquid is limpid as water, ex¬ 
tremely strong, and has a highly pungent acetous odour. 
This is the pure acid of the vinegar, any foreign matter 
remaining in the uncongealed liquid. Lowitz likewise 
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obtained the acid equally strong, by taking vinegar which 
has been once congealed and then distilled, mixing it with ' 
a large quantity of charcoal powder, and distilling from a 
retort in a water-bath ; a weak acid comes over: the re¬ 
tort is then to be placed in a sand-bath, and urged with a 
strong fire, as long as any fluid distils over quickly; stop- 
ing it when it begins to distil more slowly, as it is then 
principally water. The distilled acid may then be further 
concentrated by freezing, retaining the crystals, and pour- 
ing off the uncongcaled portion It is singular, that the 
acid concentrated by freezing, acquires an unpleasant 
odour j from which, however, it may be freed by distil¬ 
lation from charcoal. 

Other methods arc likewise employed, to obtain the 
pure and concentrated acid. Distilled vinegar is combin¬ 
ed with an alkali or earth; the neutral salt, obtained by 
evaporation or crystallization, in a solid state, is decom¬ 
posed by an acid, and the acetic acid is distilled. The 
process of Westondorf, which has been often followed, is 
to saturate soda with distilled vinegar; obtain the acetate 
by crystallization ; and pour upon it, in a retort, half its 
weight of sulphuric acid. By applying heat, the acetic 
acid is distilled over; and should there be any reason to 
suspect the presence of any sulphuric acid, it may hi! dis¬ 
tilled a second time from a little acetate of soda. Accord¬ 
ing to Lowltz, a preferable method, as aflbrding it still 
more concentrated and pure. Is to mix three parts of the 
acetate of soda with eight parts of super-sulphate of po- 
tassa, both salts being perfectly dry and in fine powder, 


* Crell’s Chemical Journal, vol. i. p. 242. 
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and to distil from this mixture, in a retort, with a gent.e 
heat* By this process, seven pounds of concentrated acid, 
crystallizable by cold, may be obtained from 300 pounds 
of common vinegar *. 

It was also long known, that from certain metallic salts 
formed from vinegar, a very strong acid could be procur¬ 
ed by distillatidn. The salt usually-employed for this pur¬ 
pose, is that formed by the action of vinegar on cop¬ 
per, the Verdigris of commerce. It is reduced to a fine 
powder, which is dried by a moderate heat. It is intro¬ 
duced into a retort connected with a receiver, and urged 
with a 6re gradually raised : the portion that first comes 
over is weak, and is therefore to be removed ; it is suc¬ 
ceeded by an acid liquor extremely strong, and having a 
pungent suffocating odour. As obtained by the first dis¬ 
tillation, it holds a small quantity of oxide of copper dis¬ 
solved, from which, however, it may be Ireed by a second 
distillation, with a more gentle heat. The acid procured 
by this process, had formerly the name of Radical Vine- 
gar. 

It having been observed, that this acid differed in seve¬ 
ral of its properties, and still more in its saline combina¬ 
tions, from the acid which exists in distilled vinegar, even 
when this is concentrated by freezing, the opinion was 
maintained, that there is an essential difference between 
them. Berthollet, in particular, at an early period inves¬ 
tigated this difference. Having concentrated distilled 
vinegar by freezing, and brought the acid obtained from 
verdigris by beat, to the same specific gravity by dilu- 


* Crell's Chenucal Journal, voL il. p. 
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lion, he observed, that the latter had a taste and odour 
more pungent than the former; it appeared to exert a ' 
stronger attraction to the alkalis, and to form with them 
combinations more intimate, and dilFering in their pro¬ 
perties, from those formed by the other*. The difference 
between them, he supposed owing to the oxygen received 
by the acid from the oxide of copper, in* its production 
from^ verdigris by heat; and according to the theory 
then maintained, to the transfer of phlogiston at the same 

time from the acid to the copper. The two acids thus 

• 

came to be regarded as differing in their degree of oxy- 
genizement, and were afterwards distinguished by the 
names of Acetous and Acetic Acids. 

Adet some years ago called this opinion in question. 
From examining with attention the products of the decom¬ 
position of the acetate of copper by heat, he found reason 
to conclude, that the acid expelled from it receives none 
of the oxygen of the oxide, but is the same as that which 
existed in the salt, except that it contains less water. He 

I 

compared this acid too, with that disengaged by sulphu¬ 
ric acid, without the application of any high heat, from 
acetate of copper, and acetate of potassa, and found them 
precisely the same. He found it impossible to oxygenize 
the acetous acid, so as to convert it into acetic. And in 
examining the actions of these acids on a number of sub¬ 
stances, metallic, earthy, and alkaline, and the compounds 
they form, he found them perfectly identical, and equally 
so, allowing for the dilution, with distilled vinegar. He 
concluded, therefore, that the acetic aci^ expelled by 


' • M^moires de PAcad. des Sciences, 173S, p. 403. 
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heat from its metallic salts, docs not receive oxygen : 
• that it exists in one uniform degree of oxygenizement: 
that there is no acetous acid, therefore, different from the 
acetic ; and that the apparent differences between the two 
icids so named, arise merely from the one being^ii little 
weaker or mor« dilute than the other *. Gren, it may be 
remarked, had held the same opinion. 

Chaptal, in a memoir subsequent to Adet’s, still main¬ 
tained the opinion, tliat there is an essential difference 
between these two states of acetic acid ; a difference 
which he sought to establish by experiments on their 

9 

solvent power, their power of saturatitm, and their com¬ 
binations : but he regarded this difference as depend¬ 
ing, not on a different degree of oxygenizement, but 
on a different proportion of carbon in their base : the acet¬ 
ous acid existing in verdigris, losing, when it is expel¬ 
led by heat, a portion of its carbon, which is attracted 
partly by a portion of the oxygen of the metallic oxide, 
and partly by the oxide itself, which passes nearly to the 
metallic state f. A similar opinion liad been advanced 
by Peres : while Dabit revived and endeavoured to sup¬ 
port by experiment the opinion, that these acids arc in a 

f 

diderent degree of oxygenizement Darracq has more 
lately, however, examined the subject, and has found the 
conclusions of Adet just. He repeated his experiments 
and found them correct} and added others, from which it 
resulted, that when the two acids are brought to the same 


* Anoales de Chimie, tom. xxvii. p. 299. 
t Nicholson's Journal, 4to, vol. ii, p. 518. 
% Philosophical Magazine, vol. x. p. 334. 
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specif c gravity, there is scarcely any difference between 
them in their*physical properties, except that the smell of , 
the acetic is a little empyreumatic. Their chemical pro¬ 
perties were also alike, and their combinations the same. 
The acetous, submitted to the action of substances capa¬ 
ble of aflbrding to it oxygen, was not changed : nor by 
analysis dixl they afford different proportions of charcoal. 
Common vinegar, however, contains a quantity of muci¬ 
laginous or extractive matter, which Darracq found not 
to be' altogether separated from it by distillation, and a 
portion of which even adhefres to the acid in its saline com¬ 
binations. The presence of this, and of a portion of wa¬ 
ter in what has been named Acetous Acid, somewhat dis¬ 
guise its properties *, and by abstracting them by distilling 
this acid repeatedly from muriate of lime, an acid was ob¬ 
tained equally strong with the acetic, and having an odour 
as pungent and not empyreumatic. This may be regard¬ 
ed as the pure acetic acid. 

There exists, therefore, as Darracq has remarked, only 
one acid of vinegar ; which being at its maximum of oxy- 
genizement, ought, in conformity to the principles of the 
modern nomenclature, to be named the Acetic. Its salts. 
must be denominated Acetates } and the salts named Ace- 
tites, as distinct from these, have no existence *. 

The acetic acid is extracted from the metallic salts in 
which it exists, by other methods than merely by the ap¬ 
plication of heat; in particular, by employing the affini¬ 
ty of some other concrete acid to disengage it, assisted by 
heat. It can thus be obtained from acetate of lead, by 

* {’hilosophical Magazine, vol. xiii. p. 12, 
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the intervention of sulphate of copper or of iron. A pro- 
, cess of this kind, given by Badollier, is to expose to heat, 
in a retort, a mixture of equal parts of sulphate of copper 
and acetate of lead, as long as any acid comes over 
This has been introduced into the Pharmacopoeia, substi¬ 
tuting sulphate of iron for sulphate of copper. The acid 
thus procured, however, is much weaker, and,- according 
to the observation of Pebuc, confirmed by the experi¬ 
ments of Flanchc and Boullay, always contains sulphu¬ 
rous acid ; which, however, according to the forlnci' che¬ 
mist, may be abstracted by distilling it from black oxide 
of manganese, mixed with a very* small quantity of car¬ 
bonate of potassa f. 

Acetic acid, in its highest state of concentration, such 
as that in which it is obtained when expelled from ace¬ 
tate of copper by heat, or when distilled repeatedly from 
muriate of lime, has a fragrant, and at the same time very 
penetrating smell, irritating the nostrils strongly : it is al¬ 
so so caustic as to inflame the skin : its acid taste is strong, 
even when it is largely diluted with water : it is colour¬ 
less, and has a specific gravity of 1.0G26. In its diluted 
^ state, as in that of distilled vinegar, its smell is much more 
faint, but is still agreeable, and its taste is merely sour. 

This acid is capable of congelation, when it forms fo¬ 
liated arborescent crystals ; and, according to the observ¬ 
ations of Lowitz, it suffers this change, and presents very 
different results, according to its degree of concentration. 
Jf much diluted, as in common distilled vinegar, it is tlie 


* Annales de Cbimie, tom. xxxvii. p. 11U 
^ Nicholson’s Journal, vol. xiii. p. 42. 
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water that freezes, leaving a stronger acid uncongealed ; 
if, on the contrary, the acid exposed to cold be more con* 
centrated, it congeals, and the'part that remains liquid is 
more watery. When strong, It congeals, according to his 
account, at the temperature of 32°, and remains solid 
even at a higher temperature *. With regard to this, 
however,Ahere is son.e obscurity ; for concentrated ace¬ 
tic acid does not freeze at a much lower temperature, and 
the acid distilled from charcoal, Lowitz himself remarks, 
requirc?*a temperature lower than 20° of Fahrenheit. 

This acid is very volatile : its odour is diffused through 
the atmosphere, when* it is exposed to it, and becomes 
gradually weaker ; and, by a moderate heat, it is convert¬ 
ed into vapour: this vapour readily catches fire on the 
approach of an ignited body ; and hence the acetic acid 
affords one of the best examples of an acid retaining the 
property of inflammability. 

This acid combines wijh water in every proportion, and, 
when it is concentrated, the temperature rises from their 
combination. 

Acetic acid combines with the alkaline and earthy bas¬ 
es. Its salts are denominated Acetates, or formerly, as 
they are generally prepared from distilled vinegar, which 
was considered as acetous acid, Acetites, They are very 
soluble in water, and the greater number of them have 
such an affinity for it as to be deliquescent, and not easi¬ 
ly crystallized : the acetic acid is easily disengaged ; and 
they are decomposed by heat, the greater part of the acid 


Annalcs de Chitnie, tom. x. p. 215. 
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suffering decomposition, and leaving a residuum of char* 
coal. 

Acetate of Potassa is prepared by saturating the al¬ 
kali of carbonate of potassa, by the addition of distilled 
vinegar. The liquor is evaporated to a dry mass : this is 
of a brownish colour, from the presence of a small quan¬ 
tity of cxtractii^e matter derived from the vinegar. If it 

ft 

be melted and kept in liquefaction for a short time, on 
dissolving it again in water, the extractive matter Sepa¬ 
rates in flakes ; the solution when strained is limpid, and 
when evaporated affords a salt* perfectly white. It is soft, 
and of a very distinctly foliated tekturc, whence it receiv¬ 
ed formerly the absurd name of Terra Fpliata Tartari, Its 
concentrated solution affords, when exposed to cold, 
prismatic crystals. This salt is so deliquescent, that, even 
on a few minutes exposure to the atmosphere, its surface 
becomes humid : it docs not require more than its weight 

of water for its solution at 60° : it is also soluble in alko- 

# 

hoL Its watery solution, like that of the other acetates, 
decomposes spontaneously ; and when the dry salt is ex¬ 
posed to heat, its acid is decomposed, an empyreumatic' 
oil and acid pass over, with a little ammonia, and much 
carbonic acid and carburetted hydrogen gases; a consider¬ 
able quantity of charcoal remaining, mixed with carbonate 
of potassa. 

Acetate of Soda, prepared by saturating carbonate of 
soda with distilled vinegar, is, by evaporation of its solu¬ 
tion until a pellicle form on its surface, obtained when 
the fluid cools, crystallized in striated prisms. Its taste, 
like that of the preceding salt, is sharp and bitter: it i« 
not deliquescent, but is easily soluble in water, requiring 
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nearly^ three parts af 60°. It is decomposed in the same 
manner as the acetate of potassa. 

Acetate of Ammonia, formed by saturating carbon¬ 
ate of ammonia with distilled vinegar, has been long 
known under the name of Spir*r of Mindererus, having 
been employed in medicine <is a diaphoretic. It is not 
easily (gained crystallized, as it is so volatile that its so- 
luti(fn cannot be concentrated by evaporation ; by a very 
sloJj^ evaporation, however, it may be obtainetl in acicu- 
lar prisihs ; and it cun be crystallized by sublimation. It 
is very deliquescent and soluble. 

The combinations 6f this acid with the earths do not 
form compounds of much importance. Aceta^fe of.bary- 
tes crystallizes in aclcular prisms, w'hich are efflorescent, 
and, at the same time, very soluble in water. Its taste is 
bitter. As it is decomposed by the alkaline carbonates 
and sulphates, it is sometimes used as a test to discover 
carbonic and sulphuric acid. Acetate of stronthes affoi'ds, 
by evaporation of its solution, slender crystals, which are 
soluble in water, requiring not much more than two parts 
for their solution, and which are not altered by exposure 
to the air. Acetate of lime is obtained by evaporation and 
cooling, in line prismatic crystals of a silky lustre, efflor¬ 
escent, soluble in water, and, as is observed by Mr Kir- 
wan, still more soluble in alkohol. Its taste is bitter. 
Acetate of magnesia crystallizes, but with dilHcuIty, its 
solution usually affording, on evaporation, a viscid deli¬ 
quescent mass, abundantly soluble both in water and al¬ 
kohol : its taste is sweetish. Acetate of argil, prepared 
^y digesting the acid on the earth, forms small needle¬ 
like crystals, soft, and having an astringent taste. This 
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salt is prepared for its application as a mordant, as has been 
, already remarked, by decomposing acetate of lead by sul¬ 
phate of argil. Acetate of glucine is easily formed by di¬ 
rect combination : the solution does not crystallize, but 
is reduced, as Vauquelin found, by evaporation, to a 
gummy-like substance, which remains long ductile, and 
dries slowly : its taste is sweet and astringent.*- Acetate 
of zircon is likewise gelatinous and uncrystallizable, and 
has an astringent taste. Acetate of ittria can be obtaiftied 
by evaporation of its solution in crystals, which are thin 
plates, and of a purple colour. * 

Acetic acid, in its various states*of concentration, acts 
more,or I^s powerfully on the metals, and, in general, 
combines with facility with them when they are previous¬ 
ly oxidized. Some of these combinations, particularly 
those with lead and copper, are extensively used. 

Gold, silver, and platina, are not affected by it in their 
metallic state, but, when oxidized, are dissolved by it. 
The acetic solution of gold, it is remarked by Bergman, 
affords fulminating gold, when acted on by ammonia. 
The acetate of silver crystallizes in prisms, which are very 
soluble, and have a sharp metallic taste. 

Acetate of quicksilver is different in its properties, ac¬ 
cording to the state of oxidizement of the metal. That 
in which the metal is imperfectly oxidized is best obtain¬ 
ed by decomposing a solution of nitrate of quicksilver, in 
which the metal is in that state, by mixing it with a solu¬ 
tion in tepid water of acetate of potassa : very delicate 
crystals, in the form of spangles, of a white colour and 
beautiful silvery lustre, form quickly, and are deposited as 
the solution cools. Its principles have so weak an a£i^- 



ACETOUS FERMENTATION. 


475 


nity, tliat it is decomposed by water alone : if a large 
quantity be employed to wash it, it then becomes yellow : ^ 
the whiteness is immediately restored, by washing with a 
little distilled vinegar ; when dry, it forms a soft foliated 
mass : its taste is mild, but metallic. That which is 
formetl by digesting the acid on mercury more highly ox¬ 
idized, a&'on the red oxide, is more acrid,and soluble. 

(^pper forms with this acid combinations of some im- 
por||ancc, from their use in medicine and the arts. What 
has dc?A named Verdigris is a sub-acetate of copper. It 
is prepared by stratifying copper plates with the husks of 
grapes, after the expression of their juice, and when they 
have been kept for some time imperfectly exposed to the 
air, in an apartment warm but not too dry, so as to pass 
to a state of fermentation, whence a quantity of vinegar 
is formed. The copper plates are placed in jars in strata, 
with the husks thus prepared, which are covered. At 
the end of twelve, fifteen, or twenty days, these are open¬ 
ed : the plates have an efflorescence on their surfaces of 
a green colour and silky lustre : they are repeatedly moist¬ 
ened with water \ and at length a crust of verdigris is 
formed, which is scraped off by a knife, is put into bags, 
and dried by exposure of these to the air and sun. It is 
of a green colour, with a slight tint of blue 

In this preparation, the copper is oxidized, probably by 
the atmospheric air, aided by the affinity of the acetiq 
acid ; and a portion of this acid remains in combination 
with the oxide, not sufficient, however, to produce its 




* Account of the Manufacture of Verdigris, by Chaptal, 
hilosoph. Magazine, vol. iv. p. 71. 
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saturation. When acted on by water, the acid, with 
such a portion of oxide as it can retain in solution, are 
dissolved, and the remaining oxide is left undissolved* 
From this analysis of it by the action of water, Proust 
inferred, that it consists of 43 of acetate of copper, 27 of 
black oxide of copper, and 30 of water, this water being 
not accidental, .hut existing in it in intimate* combina¬ 
tion 'v 

The proper acetate of copper is prepared by disso^ing 
verdigris in distilled vinegar: the solution, when suffi¬ 
ciently evaporated, affords masses composed of prismatic 
crystals, aggregated, of a deep green colour when newly 
broken, but which become of a light green from efflores¬ 
cence on exposure to the air. This salt is soluble in wa¬ 
ter, and also in alkohol: it has a strong metallic taste. It 
consists, according to Proust, of 3D of oxide and 61 of 
acid and water. Both it and verdigris are used as pig¬ 
ments, ill some of the processes of dyeing, and in medi¬ 
cine on account of their escharotic power. 

With leadj acetic acid forms combinations of some 
importance. Cerusse, or white lead, is formed by its 
action on the metal, plates of lead being exposed to 
the vapours arising from boiling vinegar, and the me¬ 
tal being oxidized by the action of the air, aided by 
the affinity of the acid. This has.been regarded ei- 
|her as an oxide or a sub-carbonate of lead; though it 
appears probable, that it should contain some acetic acid. 

It serves as the basis from which the more perfect salt, the 
sugar of lead of commerce, is formed; the cerusse, in 

-;-^- r 

* Journal de Physique, tom. Ixi. p> 114. A 
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fine powder, Is boiled in distilled vinegar, the vinegar be¬ 
ing poured off as it loses its acidity, and fresh quantities « 
being successively added. TJ)e liquors thus procured are 
then evaporated nearly to the consistence of honey 5 and, 
on cooling, masses are formed, consisting of a congeries 
of ncedle-like prisms. From the account given by Pon- 
ticr of manufactujre of this salt, it appears, that it is 
also/brmed by exposing plates of lead to tlic action of 
distjyed vinegar and of the atmospheric air ; the plates, as 
they are incruslcd with oxide at the surface of the vine¬ 
gar, are plunged to the bottom, until this oxide is dissolv¬ 
ed, and are again raised to the surface. The acid is thus 
at length saturated, and, by evaporation, the solution is 
brought to crystallize 

This salt was regarded as the neutral acetate of lead. 
From the researches of Tlienard, however, it appears, 
that it is a super-acetate, or contains an excess of acid, 
which modifies its properties. A manufacturer of sugar of 
lead having found, that in the method in which he conduct¬ 
ed his process, the salt did not crystallize in the usual form, 
but in plates, Thenard examined this product, and found it 
to be the neutral acetate, while the common sugar of lead 
has an excess of acid. The latter, according to the analysis 
of it by this clicmist, consists of oxide of lead 58, acetic 
acid 26, and water 16 f. The form of its crystals is a 
slender four or six sided prism bevelled at the extremities ^ 
its colour white, or frequently of a yellowish tinge, with 
a silky lustre i its taste is sweet and styptic *, it is slight- 

* Annalosde Cldmie, tom. xxXvii. p. 268. 

f Nicholson's Journal, vol. vi, p. 223. 
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]y efflorescent; is easily soluble in water, requiring about 
• 24 parts for its solution, but at the same time appears to 
be partially decomposed, as the solution, even with distil¬ 
led water, is turbid ; a small quantity of a white powder 
is deposited, and the salt which remains dissolve^, has 
probably a still greater excess of acid than the original 
salt. It is decomposed very readily by all tttk.'^* salts, 
which contain an acid that forms an insoluble compaand 
with oxide of lead, and is hence sometimes used as aTtest 
to discover their presence. It is also decomposed by heat, 
and gives acetic acid diluted and empyreumatic. 

The neutral acetate is described by Thenard as cry¬ 
stallizing in plates : it has a less perceptible saccharine 
taste than the supcr-acetate ; it effloresces slightly in the 
air j is less soluble in water, and forms a solution which 
is precipitated abundantly by carbonic acid, while that of 
the super-acetate is precipitated sparingly. It dissolves 
in vinegar, and on evaporation gives needle-like crystals. 
It consists, according to his analysis, of oxide of lead 78, 
acetic acid 17, water 5. 

Acetic acid dissolves iron, the metal being oxidized at 
the cxpence of the water. The solution is of a reddish 
brown colour; has a sweetish astringent taste i and by 
evaporation affords a gelatinous mass, which is deliques¬ 
cent and easily decomposed by heat. The use of this so¬ 
lution as a mordant in calico-printing, has been already 
mentioned. 


The remaining metallic acetates present few important 
results, and many of them have not been particularly ex- 
.jj^^ed. The acid dissolves tin only in small quantity^* 
i Solution when evaporated is viscid, and has a foetid 
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smell. Zinc is dissolved by it very readily, and by eva¬ 
poration crystals in thin plates are obtained, which burn > 
when thrown on ignited fuel, with a blue flame, and are 
decomposed by heat. This salt is also formed by decom¬ 
posing acetate of lead by sulphate of zinc. Nickel is dis¬ 
solved by acetic acid, and the solution, by evaporation, 
gives cr,yv.tals of a grpen colour. Oxide*of cobalt is dis¬ 
solved by it; the solution is of a pale rose colour, and 
fori\s a sympathetic ink. Antimony and bismuth are 
scarcely aflected by it: the vitrified oxide of antimony, 
however, appears to be dissolved in small quantity. Oxide 
of arsenic is said not* to combine directly with it; but 
when heated with acetate of potassa, a liquor is formed, 
fuming and having a very foetid odour, and which the 
Dijon Academicians found inflamed spontaneously, on 
exposure to the air, and exhaled a dense foetid vapour. 

Acetic acid acts on several of the vegetable products. 
Mr Hatchet fimnd, that it dissolves resins and gum-resins 
readily, without altering their properties. It also dis¬ 
solves gluten, as has been already observed. It is a 
powerful solvent of camphor and essential oils i a property 
observed by Mr Henry, and applied to the preparation of 
what has been named Aromatic Spirit of Vinegar; a per¬ 
fume more stimulating and more grateful, than the essen¬ 
ces commonly formed from the volatile oils. It combines 
with alkohol, and when its action is promoted by hear, 
converts it into a species of ether, which has been already 
noticed. 


1 


The composition of acetic acid is not very well deter- 
lAed. As it aflTords the usual products of the vegetable 
kids when decomposed by heat, it is obvious that like 
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them it contai”^ carbon» hydrogen, and oxygen. Lavoisier, 
• from the observation, that ammonia is given out in the 
decomposition of acetate of potassa by heat, supposed, 
that a portion of nitrogen might exist in the composition 
of the acid. Proust has found, that not only ammonia, 
but also prussic acid, is produced in the decomposition of 
acetic acid by heat j which.he therefore considvj^ as ad¬ 
ding probability to the conclusion of Lavoisier 

Acetic acid, in its various states of dilution and pt^ity, 
is -applied to numerous uses. Vinegar is one of tlie acids 
that has been longest knovvn, and is extensively used as a 
condiment and an antiseptic. It is employod in medical 
practice, and in a number of the processes of pharmacy. 
And its saline and metallic combinations arc used in seve¬ 
ral of the arts, as has been already stated. 


isECT. irr. 

OF THE PUTREFACTIVE FERMENTATION, 

Putrefaction is a process to which animal matter is 
more peculiarly liable. Some vegetable substances, how¬ 
ever, likewise undergo it •, and if others, in the ultimate 
spontaneous decomposition to which they are liable, do 
nr.t give out those offensive products which characterize 
the putrefaction of animal matter, they so far present si¬ 
milar results, that their composition appears to be com¬ 
pletely destroyed ; their principles enter into new combin- 


* Journal dc Pnysique, tom. Ivi. p, 103, 
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ationsi which escape in the aerial form; and they at 
length leave nothing but the small quantity of earthy and • 
metallic matter, which the vegetable substance had con¬ 
tained. As this change follows the acetous, and has been 
supposed to be in gerieral preceded by it, in a degree more 
or less marked, it has been considered as the last of the 
three of the process of fermentatiori, and has been 

distii^i^uished by the epithet Putrefactive. 

kind of vegetable mutter is liable to this species 
of decomposition : there is none but what ultimately de- 
cays, though some resist it, or preserve their composition 
much longer than others. Those suffer it most quickly 
which are soluble in water \ and any vegetable principle 
dissolved in this fluid, passes very speedily into it: the sur¬ 
face of the liquor appears covered with a mould j various 
elastic fluids are disengaged, and at length it is entirely de¬ 
composed. Those which are not perfectly soluble, if 
merely kept humid, present nearly the same results. Oils 
and resins, which refuse to unite with water or imbibe it, 
resist any change of this kind for a long period, and can 
indeed scarcely be said to be subject to it. 

The same circumstances favour this species of sponta¬ 
neous decomposition, which favour the others, particularly 
humidity, and a moderate heat. Any species of vegeta¬ 
ble matter, kept perfectly dry, is long in exhibiting any 
sign of alteration or decay. A certain temperature, which 
must be less, however, than what will dissipate the humi¬ 
dity, hastens the decomposition, by favouring the approxi¬ 
mation and consequent exertion of the affinities of the 
cOi^tituent elements. And the presence of the air often 

H h 
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promotes it; at the same time, however, modifying the re« 
suits. 

The gases which are disengaged during this decompo¬ 
sition, are of course combinations of the principles of the 
vegetable substance. According to Saussure junior^ they 
are compounds of hydrogen with carbon, forming mllam- 
mable gases an'd carbonic acid. The former ap^-^ar prin¬ 
cipally when the action of the atmosplicre is exclude^, by 
the substance being immersed under water : the j^ter is 
produced when the air is admitted, and its production de¬ 
pends in a great measure on the aciicm of the oxygen of 
the atmosphere *. A portion cd water appears also to be 
formed, by the union of part of the oxygen and hydrogen 
of the vegetable matter. 

The principal difference between this species of decom¬ 
position, and the putrefaction of animal matter, is, that 
there is no evolution of ammonia, or of those foetid com¬ 
binations which characterise the latter. This is owing 
to the absence of nitrogen, which is essential to the for¬ 
mation of these. And accordingly, tliose varieties of ve¬ 
getable matter which contain this clement, present, in 
their ultimate decomposition, re ulrs extremely similar to 
those of animal substances ; such is particularly the case 
with all those which contain gluten, and with gluten itself 
in its pure form. 

The residual matter of vegetable substances, after this 
species of decomposition, frequently contains a large pro¬ 
portion of carbon, especially when formed from those prin¬ 
ciples in which this element is abundant, as from the lig- 


* Recherclies Chitniques, p. 157. 
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neous matter; and this may remain long unaltered,theother 
principles which could redact upon it having been abstract- ' 
ed in the progress of the decomposition. A residuum of 
this kind forms that black soft matter which has been 
iiame(4 Vegetable Mould, and which constitutes so import¬ 
ant a part of the soil. 

• WlK*n this is obtained free from the unHecomposed ve¬ 
getable matter more or less mixed with it, it appears from 
the r^earches of Saussure, who has particularly examin¬ 
ed it *, to be nearly uniform in its composition and pro¬ 
perties. Subjected to distillation, it gave carburetted hy¬ 
drogen, and carbonic acid gases ; water holding in solu¬ 
tion acetate and sometimes carbonate of ammonia, and a 
small quantity of empyreumatic oil, leaving charcoal, 
with various saline and earthy ingredients. From these pro¬ 
ducts it follows, that the mould contained less oxygen^ 
more carbon and more nitrogen, than the vegetable mat¬ 
ter from which it had been formed ; though part of this 
nitrogen must probably have been derived from the ani¬ 
mal matter unavoidably mixed with it. 

The acids do not exert any very striking action oa 
this mould ; they dissolve its earthy and metallic ingre¬ 
dients. The fixed alkalis dissolve it almost entirely, and 
evolve ammonia during the solution. Alkohol merely 
takes up a little resino>extractive matter. Water like¬ 
wise dissolves a small quantity of extract. 

Saussure has remarked, as has been above stated, that 
vegetable mould, though the result of the putrefactive' 
process, is not itself susceptible of putrefaction, but even 
- 


Rccberches Chimiques, p. 162. 
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rather retards it; hence it remains unaltered, evidently 
from the cause already assigned, that no other principles 
are present in sufficient proportion to act on the carbon 
accumulated in it. This, however, is to be understood of 
it, only when the air is excluded ; for when exppsed to 
the atmosphere, it suffers a gradual change, until it is en¬ 
tirely decomposed. The oxygen of the air conibijies with 
its carbon, forming carbonic acid, as Saussure fouf»cl by 
inclosing it over quicksilver, in atmospheric air or pxygen 
gas. While this proceeds, the abstraction of carbon ap¬ 
pears to allow part of the oxygen and liydrogen of the 
mould to combine and form water ; for it loses more of 
its weight than can be accounted for, merely from tlie 
quantity of carbon abstracted. These changes continue 
to proceed in a certain relation to each other, and termin¬ 
ate at length in the entire decomposition, leaving the earthy 
and metallic substances originally confined in the vege¬ 
table matter. We perceive from this view, how neces¬ 
sary the frequent turning up of the soil is, to enable the 
vegetable mould to form a proper manure, bydecomposing, 
and affording carbonic acid to the growing plant. And 
yre discover also the cause of the inertness and unfertili¬ 
ty of that accumulation of it, which principally constitutes 
peat and morass, and which, if not subjected to certain 
operations, remains for ages unchanged. 
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SECT. IV. 

OF THE SPONTANEOUS DECOMPOSITION OF VEGETABLS 
•MATTER, LEAVING CARBON PREDOMINANT. 

W^EN the slow and spontaneous decomposition of ve¬ 
getable substances is conducted under peculiar circum¬ 
stances, fhc result is the accumulation of carbon in the 
residual matter; and beyond this the decomposition fre¬ 
quently does nor proceed. The circumstances on which 
this is dependent, are not, perhaps, perfectly deter¬ 
mined ; but they seem to be, principally, a due humidity, 
a certain degree of compression, and the exclusion of at¬ 
mospheric air. These circumstances are all present when 
the substance is buried to some depth in the earth, and it 
is ^n this situation that this species of spontaneous decom¬ 
position is best exemplified. 

We can perceive, so far at least, how these circum¬ 
stances operate in giving rise to this peculiar result. A 
certain degree of humidity is requisite to favour the mu¬ 
tual actions of the principles of the vegetable matter. 
Were the atmosphere freely admitted, its oxygen would 
modify these actions, and, in particular, by its affinity to 
carbon, would abstract the greater part, and allow the re¬ 
maining principles to enter into other combinations. Com¬ 
pression seems to operate by preventing, or at least oppos¬ 
ing tiie formation of elastic compounds : were it not pre- 
•sent, it is probable, that, in the rc-action of the elements 
the vegetable matter, the oxygen would combine pjayt^ 

Hdi3 
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ly with hydrogen, and form water, and partly with car- 
« 

bon, and form carbonic acid. But compression opposing 
an obstacle to the formation of the latter substance, the 
combination of oxygen with hydrogen is more effectually 
determined, and thus carbon remains predominant in the 
residual matter. 

It is obvious, also, that those kinds of vegetable matte- 
which contain the largest proportion of carbon ill be 
those most susceptible of this species of decomposition, 
and which will exhibit most completely this rcsuh. Hence 
we find it conspicuous in wood. 

On these principles, I conceive, may be explained this 
species of decomposition, the existence of which cannot 
be doubted, since we perceive it particularly exemplified 
in the instance just now quoted, of wood that has been 
kept humid, and buried to a certain depth. And the va¬ 
rious coally and bituminous substances which arc found 
in the earth have been probably formed by some such 
process. Their origin from vegetables is clearly marked 
in their composition and properties: they are inflamma¬ 
ble ; afford, by destructive distillation or combustion, the 
usual products of vegetable matter} the remains of vege¬ 
table and animal substances are often found intermixed 
with them, indicating their origin; and we can even trace 
the gradation from wood slightly changed to those which 
are most remote from the ligneous texture. These I pro¬ 
pose, therefore, to consider under this section, *38 conclud¬ 
ing the history of vegetable substances. 


Bitumens are of various degrees of consistence, Hquid/> 
8(^t, or solid, and consist of carbonaceous matter, nlore 
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OT less pure. Considering their arrangement chemically, 
they may be comprehended, perhaps, under the four fol¬ 
lowing species,—Coal, Petroleum, Amber, and Mellite} 
the two first including a number of varieties. 

Coal consists essentially of carbonaceous matter and 
bitumen, united with more or less earthy matter; and 
^lese varying considerably in their proportions, numerous 
vaTietx»S oPtf are lormed. Those which contain much 
bitumen are highly inflammable, take fire readily, and 
burn^ith a bright flame : those in which the proportion 
of bitumen is less, and in w'hich the carbon predominates, 
burn less vividly ; they require a higher heat to kindle 
them, and burn without flame, or only with a red glow. 
During the combustion, the products are principally wa¬ 
ter and carbonic acid gas ; sulphurous acid is also formed 
in small quantity, derived, probably, principally from the 
sulphurct of iron contained in the coal; and a portion of 
ammonia, the origin of which is not very obvious, appears 
also to be formed, as sulphate of ammonia is always con¬ 
tained in the soot collected from the combustion of coal. 
The earthy matter contained in coal remains after the 
combustion, and, except in some varieties, is not iiT large 
proportion. 

The bituminous part of coal is separated from the car¬ 
bonaceous part by the application of heat. We perceive 
this separation in its combustion in a common fire ; the 
coal, when first kindled, swelling and softening, exhaling 
a kind of bitumen, and burning with much smoke and 
light; while, after a certain period, these appearances 
, cease, and the coal burns only witli a red light. The sc- 
pSMTution is eficcted more completely by the application of 
. Hh4 



488 


OF BITUMENS. 


heat in close vessels : the bitumen melted out; there is 
disengaged at the same time a large quantity of ammonia, 
partly in the state of carbonate, with a quantity of em- 
pyreumatic oil, and a gas, approadiing in its nature to 
olefiant gas, which burns with a bright flame, and has 
been applied, as already stated, to the purpose of j^rocur- 
ing artificial light. When this species of distillation is coi 
tinned until these products are no longer formed,"Ihe car¬ 
bonaceous matter of the coal remains in the state of coak, 
which, if the air be admitted and the temperaeaT(?*suffi- 
ciently high, bums nearly as charcoal, and without flame. 

This decomposition of coal by heat has been carried on 
on a large scale, with a view to collect the products ; the 
bituminous matter, or mineral tar, as it is named, being 
applied to the uses to which vegetable tar and pitch are 
employed, and the coaked coal being used with advantage 
in the smelting of metallic ores, and for other purposes. 
The process was established in this country by Lord 
Dundonald, and has also been carried on with advantage 
in other countries. 

The general chemical history of coal is almost entirely 
confitfed to these facts, as the action of other substances 
upon it has been little attended to, and does not appear 
indeed to be very energetic. Mr Hatchet has found, as 
has already been stated, that, when treated with nitric 
acid, it affords artificial tannin ; and those varieties of it 
which contain bitumen, yield, at the same time, by this 
treatment, a matter intermediate in its characters between 
extract and resin, and which, by the farther action of ni¬ 
tric acid, is converted into tannin « 


* Philosophical Transjctioiis, 1806. 
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Numerous varieties of coal exist, deriving their dis¬ 
tinctions as objects of mineralogical description partly 
from their state of aggregation, but principally from the 
proportions of their bitumen and carbon. As subjects of 
chemical history, these latter distinctions are of course 
those Vhich are chiefly to be attended to. The series may 
briefly described, according as they are connected, on 
the oiifi'ha'Rd, with vegetable matter, and, on the other, 
with carbon, evidently not of vegetable origin. 

In^hi/order, what haebcen named Bituminous Wood, 
from the ligneous texture- remaining, must And the first 
place. This texture i# very distinctly marked, and even 
the external shape of the branches and stems of trees, and 
the annual rings of the wood, arc distinctly preserved, so 
as to resemble wood imperfectly charred. Its colour is 
brown, of different shades: it is opaque, with little lustre, 
has little density or hardness, and is so light as nearly to 
float on water. It burns with a clear flame, and with a 
bituminous odour, somewhat similar to that from wood \ 
and it leaves a small quantity of white ashes, similar to 
those from wood. ^It is found in beds, generally in allu¬ 
vial land, and in masses with other varieties of coal, or 
imbedded in rocks of the trap formation. The Bovey 
Coal, near Exeter, is an example of it, as is also the Sur- 
turbrand of Iceland. 

Connected with this specied, are what have been named 
Earthy Bituminous Wood, or Earthy Coal, which is found 
of a loose consistence, nearly earthy, dull, of a blackish 
brown colour, light and soft; which occurs along with 
• the bituminated wood, and passes into it; and Browm 
Coal, as it has been named from its colour, which occurs 
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massive, having an imperfect concholdal fracture, some* 
times fibrous and woody, soft and light, which burns 
with a blue flame, and gives a smell like bituminous 
wood, and which, like the other varieties, occurs in 
alluvial land. Mr Hatchet found a coal of this descrip* 
tion to aflbrd by distillation, besides a portion of* water 
slightly acidulous, amounting to 30 parts from, 100, bitu^ 
men in the proportion of only 10.5,'cliarcoai Stnd car¬ 
bonic acid and carburetted hydrogen gases 14;.5. The 
earthy varieties are some of them used as paints; timber 
is one of them : and some of .them which contain much 
earth and sulphuret of iron are wrought for the manu¬ 
facture of alum. 

What has been named by Werner, Black coal, the spe¬ 
cies which is by far the most abundant, is subdivided into 
several varieties from slight differences in properties. That 
named Pitch coal, from its resinous lustre and Smooth 
conchoidal fracture, forms the variety which has been 
known under the name of Jet, and which, from the close¬ 
ness of its texture, is capable of being fabricated into or¬ 
naments. Its colour is deep black, and the ligneous 
texture is often to be perceived in it. It burns with flame, 
and a bituminous smell not unpleasant. Cannel coal, so 
named from affording much light in its combustion, has, 
like the preceding, a smooth conchoidal fracture, a resin¬ 
ous lustre, and a black colour, and is sometimes applied 
to similar uses, though used also abundantly as fuel. It 
burns without melting ; its light is at first bright, but 
soon ceases, and it then leaves a large coally residuum. 
It contains, according to Mr Kirwan’s analysis, 75.2 of, 
carbon, 21.68 of bitumen, and 3.1 of foreign matter. The 
^laty coal forms the variety most abundant in this comv 
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try: its principal fracture is slaty, the crose fracture 
smatl grained uneven 5 its colour is black, frequcmly w'di 
a shade of grey, and sometimes iridescent; its lustre 
resinous; it is soft, and h is a specific gravity of about 
1.25. It softens, cakes, ard burns brightly, and leaves, 
when *entirely burnt, a small residuum of ashes. It ap- 
^(^ars, tliescforc, to contain more bitumen than the pre- 
cedi ng’vai*iet»es ; the proportion in dilFcrent kinds appears 
from Mr Kirwan's analysis to v;ny from 24 to 40, with 
from'SH'to 70 of carbon, and 2 or 3 of earthy matter. 
The Foliated coal, as it has-been called, approaches to the 
slaty, being distinguished by its fracture and its greater 
lustre : it is also softer, and appears to contain more bi¬ 
tumen. Columnar coal is so named from occurring in 
columnar distinct concretions, and is more rare. It burns 
without flame or smell, and hence is probably connected 
with the next species. 

Blind coal, the Anthracite of mineralogists, the Glance 
coal of Werner, consists almost entirely of carbonaceous 
matter. It burns therefore w'ithout flame, without exha¬ 
ling any bituminous odour, and without softening or ca¬ 
king; nor does it continue to burn of itself until it is 
fully ignited, and then burns slowly. Kirwan found, that 
in deflagrating it with nitre, it required a larger quantity 
for its consumption than the other varieties of coal do, 
and even more than charcoal; and from this fact, as well 
as from its properties, Guyton, as has already been re¬ 
marked, (vol. ii. p. 294), regarded its carbonaceous mat¬ 
ter as in an imperfect state of oxidation, or approaching 
, even nearer than charcoal does to carbon in its pure form. 
It constitutes the transition from coal to plumbago, not 
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only in its chemical relations» but in its external proper* 
ties. Its colour is usually black, sometimes inclining to 
steel grey ; its lustre is shining, and nearly metallic ; its 
fracture is slaty; its hardness such as to yield easily to 
the knife ; it is brittle, and has a specific gravity of about 
1.5. It occurs generally in primitive rocks, or in' those 
of transition in imbedded masses, in beds and.veins. 
has also been discovered by Mr Jam^sdn'^in "the in¬ 
dependent coal formation in the island of Arran, and is 
not therefore exclusively-of early formation as had •been 
supposed. There appears no reason to infer that it is of 
vegetable origin. Brochant gives'-the following analyses 
of it, executed by Panzenberg and Dolomieu : that of the 
latter, there is reason to suspect, however, refers rather to 
a variety of graphite. 



Panzenberg. 

Dolomieu. 

Pure carbon 

90 

72.05 

Silex from 4 to 2 

13.19 

Argil 

— 4 to 5 

3.29 

Oxide of iron 

—. 2 to 3 

3.47 

Loss 

• 

8.00 


The following table gives the results of an analysis of 
different coals by Mr Kirwan, made by projecting a cer¬ 
tain quantity of each on ignited nitre, observing how much 
nitre was decomposed or alkalized; and inferring from 
this what proportions of bitumen and carbon they con- 
tained{ the carbon only being supposed to exert this o- 
peration. This assumption is perhaps not just, and seve¬ 
ral sources of fallacy attended the experiment. The last 
five coals in the table appear to be varieties of black slaty 
coal. 
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100 parta 

Carbon. 

Bitumen. 

Ashes. 1 

1 

Maltlia 

8 



Asphalt 

31 

68 

■■■■ ■■ 

Kilkenny coal 

97.3 

— 

3.7 

Compact cannel- 

75.2 

21.68 

3.1 

Slaty.r^^HU*!- 

47.62 

32.5'i 

20 

Whitehaven - 

57 

41.3 

1.7 

Wigan —— 

61.73 

36.7 

1.57 

o'' ' 

Sw'aiiscy- 

73.53 

23.14 

3.33 

Leitrim - 

71.13 

23 37 

5.20 

Newcastle- 

-s 

•58 

40 

— 


Coal is found in strata, which are of very various 
thickness, and which alternate, or are connected with va¬ 
rious rpcks of secondary formation, particularly with clay, 
slate clay, argillaceous ironstone, sandstone, limestone, 
grunstein, and basalt. They are also of limited extent, 
generally forming as it w’ere patches or hollows filled up 
with the coal and its accompanying rocks, indicating par¬ 
tial formations.. Three formations of it have been sup¬ 
posed by Werner. The principal is M’hat is named the 
Independent coal formation, from coal being the princi¬ 
pal fossil belonging to it, and from its being found in in¬ 
sulated fields or patches, lying over other secondary 
rocks, or sometimes rocks of transition, and accompanied 
with the rocks above enumerated, the whole being dis¬ 
tinctly stratified, generally horizontal, or not much incli¬ 
ned, and containing abundant impressions of organic re- 
* mains. Besides this, coal is found, according to the same 
authority, in a formation subordinate to what is named 
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the newest floetz formation, in which it is accompanied 
* with wacken, basalt, greenstone, and argillaceous iron¬ 
stone ; and, lastly, some varieties of it, especially the 
brown coal, are found, as has been already remarked, in 
alluvial land. , 

Coal, excluding the anthracite or blind coal, is evident- 
ly of vegetable* origin. We trace in it, as hap Jjeen al¬ 
ready remarked, the gradation from bituminated wood ; 
we often discover in its varieties the ligneous structure, 
and even the remains of plants; and its chemical compo¬ 
sition agrees with that of vegetable matter. 

It is difficult, however, to determine in what manner 
it has been formed, or by what operations the vegetable 
matter from which it is originated has been so far modi¬ 
fied as to have assumed the properties under which it ex¬ 
ists- The discussion of this subject is indeed intimately 
connected with geological speculation ; for the opinion 
which is adopted, must be connected with the general 
theory which is held with regard to the structure of the 
globe. In the geological systems of the present day, very 
different opinions are accordingly maintained with regard 
to the origin of coal: in the system of Werner, it is re¬ 
garded as originating from vegetable matter, altered by 
operations conducted in the humid way : in the system of 
Hutton, it is supposed to have been formed by the action 
of subterranean heat, operating under partial compression. 

Were the latter system received, and the theorist allow¬ 
ed the convenient assumption, that wherever coal had been 
formed, a partial compression had existed, the experiments 
of Sir James Hall have rendered it probable, that from such 
a cause a substance might be produced somewhat analogous 
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to coal; as by a very moderate heat, applied under such com¬ 
pression both to vegetable and animal substances, as saw¬ 
dust and horn, he formed matter more or less bituminous 
On the supposition that it is of aqueous formation, the 
process from which it may have originated may be con¬ 
ceived to be somewliat similar to that described in the be- 
ginniiig-of this section, in which vegetable matter in a 
state of humidity, and under compression, has suffered 
decomposition from the re-action of its elements, these 
circumstances determining the combination of its oxygen 
principally with its hydrogen, so as to leave the carbon 
predominant. It may be supposed, “ that vegetable matter 
carried to the sea, has, by the direction of currents, been 
deposited in banks, and that during this submersion it has 
suffered that slow kind of decomposition by which the 
greater part of its principles have been evolved in new 
combinations, while its carbon, with a portion of hydro¬ 
gen, have remained ; and this, mixed with more or less 
earthy matter deposited at the same time from the ocean, 
has in its soft state been consolidated by the force of ag¬ 
gregation, and has formed coal. The decomposition by 
which this has been effected, is probably analogous to 
that which we know animal matter, when immersed in 
water, suffers. Its hydrogen, azot, and oxygen, enter into 
various combinations, forming gases which escape ; and 
its carbon retaining, by a chemical attraction, a portion of 
hydrogen in combination, remains, forming a species of 
fat. Carbon is still more abundant in vegetable than it i^ 
in animal matter *, and this constitutes the principal dif- 


* Transactions of the Ro^al Society of Edinburgh, 1805. 
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ference between them. Vegetable matter, however, is lia- 
« ble to similar decompositions ; and under the circumstan¬ 
ces pointed out, it is reasonable to believe that changes of 
a similar kind, modiHed as to the result by the difference 
in the proportions of its principles, will take place ; ino- 
ther words, its residue will be more carbonaceous, but still 
with a proportion of hydrogen, so as to render it^more or 
less bituminous. We accordingly find, that wood, by 

immersion in water, becomes first brown, and then black ^ 

• ^ 

and the ligneous fibre, by slow decomposition, is com¬ 
pletely converted into a black mould, in which carbon pre-' 
dominates* It is easily conceivable, that this process 
being carried on under different circumstances, may pro¬ 
ceed with various degrees of rapidity, and to a greater olr 
less extent. Hence will originate different varieties of 
coal, some being much more carbonaceous than otherjll 
while their composition is also varied by the different 
quantities of earth deposited during their formation 
Mr Hatchet has remarked, that observations on the state 
of wood, in subm.irine forests, demonstrate, that whether 
vegetables are totally or partially buried under the waves, 
or under the earth, they are not merely by such means 
converted even into the most imperfect sort of^oal, and 
that therefore some process independent of these circum¬ 
stances mnst have taken place in the formation of this 
substance. And having found, that from the action of 
acids on vegetable matter, products might be obtained 
more or less similar to bitumens, he has supposed, that 

, * Comparative View of tlic Huttonian and Neptunian Sys- 

* ^ 
terns of Geology, p. 208. 
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tome such action, exerted bf muriatic, or mote probably 
sulphuric acid I may have contributed to the formation of 
coal It is not easy, however, to conceive how these 
could operate on collections of vegetable matter on the 
large sc|ile, that must be supposed to account for the form<» 


atioti of strata of doal; and the consideration that wood it 
.found long submersed without having been bituminatedj 


perhaps on\^roves that tlie process is extremely slow, 
not that the change which it actually does suffer might 
‘ not ultimately pass to that state. 


The substances which have been distinguished by mi¬ 
neralogists under the names of Asphaltum, Petroleum, 
and Naphtha, appear to be mere varieties of one species, 
and form a series which passes even into coal. Asphal- 
tiihi forms the connection with pitch coal. It is of a 
black colour, and resinous lustre, without transparency : 
its fracture is conchoidal i it feels somewhat greasy; is 
light, and has a bituminous smell, when rubbed or heat¬ 
ed. It melts easily, takes fire, and bums without leaving 
any ashes. It is found in veins, and in small masses, and 
also sometimes on the surface of lakes; Mineral pitch, 
or Maltha^'s softer, has a degree of tenacity, and a strong 
bituminous smell. It is sometimes elastic, forming what 
has been named the Elastic Bitumen. A variety of thU 
found in a vein of a lead mine near Castleton was examin-. 
ed by Mr Hatchet, who found it had all the properties of 
these bitumens, and who supposed, that it owed its elas^ 
ticlty to miiTute portions of air interspeTSed in its sub* 
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fttehce; asi when meltedj it completeljr lost the ehstie 
property! and| at the same time, gave out a quantity of 
aerial fluid. This might, however, be only an accidental 
coincidence \ and Mr Hatchet having since found, that 
there is a strict resemblance between the elastic l)itumen< 
and caoutchouc, in the changes they shfTer from acids 
it is not imprbbable that the property may depend on., 
some peculiarity of combination. Mineral tal' is more of 
a’liquid consistenceit is tenacious, and'of a reddish or 
blackish brown colour. Petroleum is semi-liquid, semi- ‘ 
transparent, of a reddish brown colour, and foetid odour. 
Naphtha is of a lighter colour, more or less transparent, 
perfectly thin and liquid, light, so as to float on water, 
odoriferous, volatile, and inflammable. Through all these' 
substances there is a perfect gradation; naphtha, by inspis-* 
6atton> becoming petroleum, and this, by the same ope^- 
tion, passing into asphaltum *, and even the different spe^ 
cimens of these are frequently found in the same situa^ 
tion. These changes, as Mr Hatchet in his paper on bi¬ 
tumens remarks f, appear to be caused by- the gradual 
dissipation of part of the hydrogen of the bitumen, and 
the consequent developement of a portion of carbon* 
pThey also agre^*^n their chemical characters, g;re inflam¬ 
mable, insoluble in water and in alkohol, but combine 
with fixed and esseijitial oils, and are partially soluble in 
ether. They are not dissolved by the alkalis i are decom- 
ippsed by the more powerful acids^ especially by the nitric^ 
wdiich, as Mr Hatchet fooiid, causes the production of a 


e Philosophical Transactions,' 1806. 
t I^ipbohonV Joum^ 4to, vol u. p. ^1. 
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:«ub8tanc6 Intermediate in its propertlea' betlppe'en ex^ct 
-and resin, and which, by the farther action of the acid, is* 
-converted into tannin. ' ' 

^ There is some obscurity with regard to the natural 
sources of these bitumens. These that are liquid are 
found generally exuding from crevices in the rochs which 
accompany coal, and frequently flow oh the surface of 
water wfiS^h has probably run over coal strata. ' 

iff e 

Amber is usually placed among the bitumens, though 

* it differs from them considerably in its properties. It is of 
a yellow colour, pale or deep, is often perfectly trans¬ 
parent, and has a shining lustre ; at other times it is 
more or less opaque : its internal lustre is highly^shining : 
it is inodorous, unless when heated, and is insipid : its 
fracture is conchoidal: it is brittle, and has a specific 
-gravity of about l.OS. Wlien rubbed it becomes strong- 

j 

'ly electrical: it was even in this substance that this pro¬ 
perty was flrst observed \ and it is from the name under 
whidi it was known to the ancients, Electrum^ that the 
term Electricity has been derived. ^ ‘ 

Amber occurs in fragments, or sometimes in large 
masses : ^t is found in layers of bituminated wood, often 
also buried in sand on the sea^shore. - 'No very satisfac¬ 
tory theory has been given of its ojj^in or formation. It 
often contains very perfect organic remains, especially in¬ 
sects, and sometimes leaves of vegetablesr-^a proof of ita 
having been once perfectly fluid. It is found in greatest 
quantity on the shores of the Baltic, but occurs also in 

* other countries. 

Ii2 
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‘VTitlj regard to dkemtcal properties^ amtier approa^iei' 
•to tluj resms, but preseiiitS also some peculiarities, espe** 
cially^ in afibrding an acid sut generis j when decomposed 
by heat. . ’ • • 

When it is exposed to heat in close vessels, it softens 
and swells; a iquamity of an acidulous liquor passes over v 
this is succeeded by a concrete acid, which condenses in 
flakes or needles ; a considerable quantity of oil high¬ 
ly empyreumatic, and of a deep brown colom';^ distils over ; 

• I 

a black resinous-like substance forms the residuum. 

When amber is heated in contact with the air, it in-* 

« 

fiames,' burns with much smoke, and with a strong bitu¬ 
minous sjpnell,' and leaves little residue. 

Water exerts no action on amber. Alkohol acts on. it 
weakly, acquires colour and some tenacity from a portioU 
being dissolved. » / 

Hoffinan observed, that amber reduced to powder, 
boiled in a solution of.pure potassa, is almost entirely dis- 
eolved« It .Ciombines with the alkali, and forms a kind of 
soap, and, in this jrespect, has therefore a near resemblancer^ 
t6 the resins. 1 “ * 

^ ' Amber is decomposed by the more powerful acids, 
.winch change it into a species of resin., Mr Hatchet 
found it yields abundance of artificial tannin, when sub¬ 
jected to the action' ^sulphuric acid, in the same manner 
as th6 resins and balsams. < . > * . 

There is one property in which it diHFers from the re- 
sbis, tli^ cJf fiot being dissolved either by the expressed 
or essential oilsi. but it becomes soluble by being toasted 
gently. Solutions of this kind are used as vaniishes. Thia* 
varnish is preferable to almost any other for a number of 
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purposes. It dries speedily: il does not cradcf and is.cx« 
tremely durable. In mixing with colours, it is also, said^ 
to render them more brilliant, and preserve them better 
than the drying oils do. There is some difficulty, how** 
ever, in preparing it, principally with regard to the heat 
40 be applied. Ample directions have been given, in a 
dissertation on this subject by Nils Nystsom *. 

The erc^pyreumatic oil obtained from the decomposi¬ 
tion of amDar,by heat is thick, and of a dark colour : by 
distilling' it repeatedly, with the addition of a little wa- 
•ter, it becomes thinner and of a lighter coloar, leaving 
at each distillation a liftle coally matter} and at length it 
may be obtained nearly colourless. It still retains a very 
foetid smell: it is volatile and inflammable; is insoluble 
in water, and imperfectly soluble in alkohol. It also 

I 

''combines imperfectly with the alkalis, ^iquid ammonia 
impregnated with it forms £au de Luce. Concentrated 
sulphuric acid poured upon it produces considerable heat, 
4 md converts it into a yellow resin, having a fragrant 
^dour, somewhat similar to that of musk. 

The acid obtained by the same decomposition, the Sdc- 
cinic Acid, as it is named, is possessed of properties which 
sufficiently distinguish it. As first procured, a portion q£ 
4 ^mpyreumatic oil adheres to it, and gives it colour and 
smell. From this it is not perfectly freed, even by repeat- 
. ed solution and crystallization. It charcoal powder re- 
(Cently prepared be added to its solution in water, and 
the solution be made to filtrate through the charcoal, it is 
•obtained more pure, as it is also, according to GuytQn, by 


* ^Philosophical Magaaine, yol. vfi. p, i2S3, 
f. i ,3 
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distilling a little nitric acid from it: or, according to a 
, process given by Richter, it may be combined with pot- 
assa; the salt thus formed may be decomposed by acet¬ 
ate of lead } and the succinate of lead may, lastly, be de¬ 
composed by sulphuric acid. 

This acid crystallizes in four-sided rhomboldal plates, 
which, when pure, are white ; their taste is sour, and they 
redden infusion of litmus ; they arc rather sj^iingly so¬ 
luble in cold water, requiring twenty-frust parts for 
their solution, but are abundantly soluble in hot w'hcer } 
tliey are also soluble in alkohol. This acid is also vola¬ 
tile and inflammable. Iti rhele properties it bears 
some resemblance to benzoic acid. Like the other vege¬ 
table acids it has a compound base of carbon and hydro¬ 
gen, as is proved by the usual products which it affordi 
when it is decomposed by heat. 

Succinic acid combines with the alkalis, earths, and 
metallic oxides, but few of these combinations present 
any important results. They have been examined by 
Bergman. Succinate of potassa crystallizes in triedral 
prisms, which are easily soluble in water; its taste is 
bitter; exposed to heat it decrepitates, and is decom«» 
posed. Succinate of soda crystallizes in nearly the same 
form ; its taste is bitter, and it is also decomposed by 
heat. Succinate of ammonia appears under the form 
of needle-shaped crystals, having a saline and bitter taste, 
and volatile, so as to be capable of being sublimed. Suc¬ 
cinate of barytes is of very sparing solubility in water. 
Succinate of lime affords long spcar-sliaped crystals per¬ 
manent in the air, and not easily dissolved even by boiling ' 
water. Succinate of magnesia does not crystallize, but 
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l>y evaporation forms a viscid -mass. Succinate of argil 
cry*stallizes, according to Wenzel, in prisms. 

The metallic succinates have been less 'examined. In 
general they are soluble and crystallLzable. -Succinate of 
iron, however, is insoluble, and from-this'.property suc¬ 
cinic acid has been employed as a test of this metal, andl 
as a re-agent by which substances may be freed from 
it, succinate of potassa being added to any solution con¬ 
taining iroti,.and the succinate of iron being precipitated. 

The oil and acid of amber have been employed in 
medicine, and have a place in the pharmacopoeias, but 
they are nearly discarded from practice. Amber itself, 
>whcn transparent, of a rich colour, and free from flaws, 
is cut and fashioned into various kinds of ornaments. 

Mellite or Honey-stone has been placed among the 
4}itumens, with wdiich, though it differs from them consi¬ 
derably, it has some relations. In its external appearance 
it has some resemblance to amber : it is of a honey yellow 

colour, whence its name; is more or less transparent, and 

* 

has the property of double refraction ; its lustre is inter- 
fnediate between vitreous and resinous; its surface 
smooth, its fracture conchoidal ; it is brittle, and softer 
than amber j has a specific gravity of 1.6. It occurs ge¬ 
nerally crystallized; its crystals being octaexlrons, do- 
decaedrons, or four-sided prisn^ acuminated by four 
planes. It becomes, according to Hauy, weakly electrical 
from friction. When heated in contact with the air, it 
becomes white, and, as Vauquelin remarked, burns with¬ 
out becoming sensibly charred, and leaves a W'hite mat¬ 
ter^ which produces a slight effervescence with acids. 

1 i 4 
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Thif substance is found in the layers of bituminatcd 
^wood in Thuringia} and, as has also been afarmcd, with 
mineral pitch in Switzerland. Its nature was unknown 
until it was analysed by Klaproth, who found it to con¬ 
sist of a peculiar acid, which has hence received th^ name 
of Mellitic Acid, united with argil*,—a discovery confirm¬ 
ed by Vauquelii\, w»ho found it likewise to corrtain small 
portions of silex and lime f. 

The acid maybe extracted from this substance, merely 
by tlic action of water, the water being boiled on*'the 
honey-stone; the acid is dissolved, the argil precipitates, 
and by evaporation the former can'bc obtained in a mass, 
which when subjected to the action of alkohol, so as to 
separate a portion of earthy matter, may be crystalliz-* 
ed. Vauquelin procured it in his analysis, by adding the 
crystals of mellite in powder to a solution of carbonate of 
potassa: the mellitic acid combined with the alkali, dis¬ 
engaging the carbonic acid with effervescence *, and on 
* adding to the filtered liquor a little nitric acid to saturate 

I 4 

the alkaline base, the mellitic acid was deposited in a few 
hours, crystallized in short prisms. 

The acid thus crystallized has a yellowish tinge, and ^ 
slight acid taste, accompanied with bitterness. The co-. 
lour and the bitterness may arise from a little bitumen 
attached to it. Exposed to heat it swells up, emits a 
dense smoke, is charred, and leaves a light doal: exposed 
to the dame of the blow-pipe, it gives at first a few scin- 


* Analytical Essays, voL ii. p. 89. 
t Nicholson’s Journal, 4to, vol. iv. p. 515. 
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tillitions like those of nitre, and is then quickly deCom- 
posed. It is sparingly soluble in water. ^ 

Mellitic acid combines with the diiFcrent salthable bases, 
but these combinations have been only imperfectly examin¬ 
ed by the two chemists by whom the honey-stone was 
analyzed. Mellate of potassa crystallizes in prisms: the* 
ciyst.ds obtained by V.iuquelin, by the pijocess above dcs- 
cribed, appear to have been rather super-meilate of potas¬ 
sa, than the pyre acid; as when decomposed by heat, the 
coaf wa5 highly ailirtline. Mcllate of soda crystallizes in 
cubes, and also in plates. The acid neutralized by am¬ 
monia, gives tran.'ipareht six-sided prisms, which become 
opaque from exposure to tlie air. Added to the watery 
solution of barytes, strontites, or l:me, it produces imme¬ 
diately a precipitate of a white powder, indicating the for¬ 
mation of an insoluble salt. If added, however, to mu¬ 
riate of barytes, it gives a precipitate in needle-like cry¬ 
stals ; and with a solution of sulphate of lime, a granu¬ 
lated and crystallized precipitate. With the solution of 
silver it gives a white silky precipitate; with the nitric so¬ 
lution of lead, a white pulverulent very heavy precipitate; 
with that of mercury, a wliite precipitate, which ammo¬ 
nia turns black ; and with that of irpn a yellow precipi- 
Ute. 

Vauquelin has observed, that this acid is in many of its 
properties very similar to the oxalic, and he appears even 
disposed to conclude in favour of their identity. The on¬ 
ly differences he found between them were, that the pre¬ 
cipitate which mellitic acid causes in the solution of sul¬ 
phate of lime, is less speedily manifested, and is crystal¬ 
line instead of being pulverulent, like that formed by the 



op eiTTMENfi, 


sm 

8Vper-oxalate o£ potassa ; that it appears bss acid to the 
taste than this acidulous salt; and that It swells up rather 
more bjr heat than it does;—differences very trivial, and 
which may arise from slight causes. One difference, 
however, between the two acids, more important, after- 
'wards noticed by VauqueJin, is, that super-mellate of po¬ 
tassa, added to q solution of pure sulphate of argil, gave 
an abundant docculent precipitate, while super>dxalate of 
potassa caused no precipitation. 

Mellitic acid appears to be of similar composhion 
with the vegetable acids ; affording, when decomposed by 
heat, carbonic acid, carbiiretted Ifydrogen, an oil some¬ 
what aromatic, a water slightly acidulous, and charcoal as 
a residuum. Vauquelin has observed, that it appears, like 
the oxalic acid, to contain a large proportion of oxygen, 
as in its decomposition it affords much carbonic acid, and 
only a small proportion of charcoal. Klaproth did not 
succeed in attempting to convert it into oxalic acid, by 
the ac,t.ion of nitric ^id. 
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T he chemical history of Animal, like that of Vege¬ 
table Substances, may be comprised under, three 
divisions. In the first may be considered, what relates to 
their formation, so far as this is dependent on chemical 
action. Under the. second may be described, the varieties 
of animal matter; their chemical properties and combi¬ 
nations : And their history may be concluded, with an ac¬ 
count of the decompositions they suffer, and the sponta¬ 
neous changes to which they are liable. 



CHAP. I. 


OF THE FORJ^ATION OF ANIMAL SUBSTANCES. 

A Nimal, like vegetable substances, are formed ef 9 
few simple principles; the differences in their 
properties arising from variations in the proportions, and 
in the modes in which these are combined. They arc 
equally susceptible of decomposition, or even more so } 
the balance of affinities whence they exist, being altered 
by very slight causes, and their princijple? easily entering 
into new combinations. 

There are certain chemical characters, by which the ani¬ 
mal are distiitguished from the vegetable products. They 
are, in pjtrticular, more liable to that species of sponta¬ 
neous decomposition named Putrefaction. Vegetables in 
3 l|umid state, pass into the vinous or acetous fermentac 
tlon, or suffer that species of decomposition whence car¬ 
bonic acid and carburetted hydrogen gases are disengaged], 
and charcoal remains. Animal substances are liable to 
none of these changes, or at least are little disposed to 
pass into them ; they mther undergo the putrefactive fetr 

mentation,' or their elements enter into ncy^ combinations, 

« 

the principal of which are ammonia, and certain elastic 
fluids more compound than those formed in the decom¬ 
position of vegetable matter. 
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When Tegetables are decomposed by heat, the products 
of the decomposition are empyreumatic oil and add, car- , 
buretted hydrogen, carbonic oxide, and carbonic acid 
gases, the residuum being charcoal. Some likewise afibrd 
ammonia, but it is yielded only in small quantity, and by 
a few of them. Animal substances, along with the usual 
products o‘f the analysis of vegetable matter, invariably 
afford a large quantity of ammonia when they are decom* 
posed by heat.. They give also some other peculiar pro¬ 
duces, particularly compounds of sulphur and phospho¬ 
rus with hydrogen, the prussic acid, and phosphoric salts. 

These differences between the animal and vegetable 
products, arise from the difference in their chemical com¬ 
position. That of animal substances is more complicated 
than that of vegetable matter, as, besides carbon, hydro¬ 
gen, and oxygen, they always contain nitrogen, and ge¬ 
nerally phosphorur and sulphur. The presence of these 
principles dividing the attractions subsisting between the 
carbon, hydrogen, and oxygen, weakens their force, and 
hence these complicated compounds are mote^liable to 
decomposition, and their elements have a powerful ten¬ 
dency to enter into binary or ternary combinations. To 
this cause is owing the great susceptibility of decomposi¬ 
tion which characterizes the animal products. s 

The peculiar products they afford by their analysis, de¬ 
rive their origin from those elements which are peculiar 
to tliem, or which are at least contained in less quantity 
and less generally in vegetable substances. The nitrogen, 
in particular, which may be considered as the principle 
that peculiarly gives them their character, by combining 
with hydrogen, furnishes the ammonia, whiph is formed 
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both during their putrefaction and their decomposition by 
, heat: it forms* a principal component part of the prussic 
acid, and it enters into the composition of the gases they 
give out. This predominance of nitrogen in animal matter, 
is clearly shewn by the action of the nitric acid, ^ which 
disengages it in considerable quantity, and, if the expe¬ 
riment be properly conducted, without the acid i^elf suf- 
' fering any decomposition. 

Phosphorus is another substance present in the great¬ 
er number of the animal substances, and almost peculiar 
to them. During their decomposition it enters into new 
combinations, particularly with fiydrogen and nitrogen, 
and forms those compound gases, the extrication of which 
accompanies the putref<iction and decomposition by heat 
of those substances. If they are decomposed by the ac¬ 
tion of nitric acid, it is converted into phosphoric acid, 
and remains mixed, as Borthollet, in his observations on 
animal matter, shewed *, with the oxalic acid usually 
formed in that process. On its presence also depends the 
abundante of neutral salts, forme'd by the union of the 
phosphoric acid with the oxide of iron, the earths, and al¬ 
kalis, which are so generally afforded by their analysis. ^ 

Sulphur is likewise a component part of several ani¬ 
mal substances, and must of course enter into the com¬ 
position of the products of their decomposition. 

It may be added as another general difference in com* 
position between animal and vegetable substances, that 
the former'contain less carbon, and more hydrogen than 
the latter. Carbon appears to be the base of vegetable 


* Memqires de I’Acad. des ^Sciences, 17^J5,,p. 348, 
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tnattcf) to which oxygen and hydrogen are attached. 
Hydrogen is perhaps the principal component part of ani-, 
mal matter combined with nitrogen, oxygen, carbon and 
phosphorus. Hence in the decomposition of animal sub.* 
stances, much cmpyreumatic oil is obtained, of which 
rhydrog^m is the chief constituent, while another portion of 
hydrogen is spent in the formation of* ammonia. The 
predominance of hydrogen in their composition is shewn 
by another fact, observed many years ago by Berthollet 
as characteristic of animal matter, that when acted on 
by nitric acid, along with the oxalic acid which is always 
formed, there is also a formation of a species of oily or 
fatty matter, derived no doubt from a combination prin¬ 
cipally of hydrogen with carbon *. In general, the ani¬ 
mal substances contain less oxygen than the vegetable?* 
as they afford much less acid by their decomposition. 

In investigating the formation of the animal products, 
there can be no doubt of the truth of the general pro¬ 
position, that they are derived from changes effected by 
the animal system, on vegetable matter. All animals 
live directly or indirectly on vegetables, and derive from 
them their principal, almost their sole support. Before 
proceediiig, therefore, to the particular consideration of 
the animal products, it is necessary to take a general 
view of the process by which they are formed. This 
leads to the consideration of Digestion, Respiration, and 
Secretion, the three functions which compose, by their 
union, the process of animalization. Though these 


* Meixuiires de BAcad. des Sciences, 1780, p. 120. 
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functions are in some measure regulated by laws pecu- 
, liar to the living system, these undoubtedly do not sus¬ 
pend *the exertion of the usual laws to which the matter 
concerned in them is subject. Affinities are exerted be« 
tween the particles of that matter, and new combinations 
are established; and it belongs to chemistry, |||erefore, 
to trace these eombiiiations and the circumstances by 
which they arc modified, and thus to elucidate the phe¬ 
nomena of physiology connected with these actions. 

An important distinction exists betw’een animals and 
vegetables, in the mode in which they receive their nou¬ 
rishment. Vegetables arc constantly absorbing matter 
from the soil: it immediately passes into the general sap- 
vessels, and is soon changed by respiration and secre¬ 
tion. Animals, on the contrary, with very few exceptions, 
take in food at intervals, and retain it in their stomach 
for a considerable time, where it undergoes a chemical 
change. It is this which constitutes the function of di¬ 
gestion, the first step in the general process by which ani¬ 
mal matter is formed. 

k 

In the process of digestion, the food is subjected to a 
temperature usually above 90 of Fahrenheit; it is mixed 
with the gastric juice, a liquor secreted by the glands of 
the stomach, and is made to undergo a moderate and 
alternate pressure, by the contraction of the stomach it¬ 
self. It is thus converted into a soft uniform mass of 3 
greyish colour, in which the previous texture, or nature 
of the aliment, can be no longer distinguished. 

In the production of these changes, the gastric juice 
appears to be the principal agent. It has been proved by 
experiments of Stevens, Spallanzani, and others, that it 
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possesses a Teal solvent power, or that, independent of 
any heat or pressure, and even out of the body, it is • 

• fj 

capable of dissolving animal and vegetable matter. At 
the same time, these circumstances must promote its ac¬ 
tion, aqd they must therefore be assistant causes in the 
process of digestion. In the graniverous animals, tritura¬ 
tion especially, from the action of the stonfach, has a very 
important share in reducing the food to that state in 
which it is more easily acted on; while in carniverous 
animals, which have a membranous stomach, the elTect is 
produced almost entirely from the action of the gastric 
fluid. 

It has often been observed, that whatever may be the 
kind of food, the pulpy mass into which it is resolved in 
the stomach is in appearance nearly the same. The nature 
of the change which it suffers, has been by no means 
well ascertained. It does not seem to be resolved into its 
ultimate principles, from which new combinations are 
formed. The soluble parts of the vegetable and animal 
food, the mucilage, fecula, sugar and oil, of the one, the 
gelatin, albumen and other principles of the other, are 
rather only separated from the insoluble parts of each, 
and brought into a state of intimate mixture* with each 
other, so as to be more readily acted on by the other 
chemical powers to which it is to be exposed. It is at the 
same time partially animalized by the mixture of the 
saliva, and gastric juice, by which probably its further 
assimilation is facilitated. 

The,chyme, as this pulpy mass into which the food in 
stomadi is resolved is termed, passes by the pylorus 
into the intestinal canal, whe^e it is mhed with the pan- 

Kk 
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creatic juice, and the bile, and is still exposed to the. same 
temperature and alternating pressure. The thinner parts 
of it are absorbed by the slender tubes termed the Lac- 
teals : the liquor thus absorbed is of a white colour : it 
passes dirough the glands of the mesentery, apd is at 
length conveyed by the thoracic duct into the blood. 

This part of the process is termed Chylification, and 
the white liquor thus formed Chyle. It is an opaque 
milky fluid, mild to the taste. By standing for some 

I 

time, one part of it coagulates ^ another portion is coagu¬ 
lated by heat. 

We know little of the nature of the changes which con¬ 
stitute Chylifleation. Some have supposed that the bile, 
or some part of it, combines with part of the food, and 
animalizes it; while others suppose it to be ordy an excre- 

i 

mentitious fluid, and to be useful in nothing but in stimu¬ 
lating the intestines to action. Neither opinion has been 
proved, though the former seems more probable than the 
latter, from the large quantity of bile secreted, compared 
with the quantity discharged from the intestines. We 
know still less of the changes which, the chyle suffers in 
its passage through the mesenteric glands *, but by the ge¬ 
neral process it is evident, that it is assimilated to the na¬ 
ture of animal matter, as it possesses the property of albu¬ 
men, of being coagulated by heat. 

The chyle, after mixing with the lymph conveyed by 
the absorbent vessels, is received into the blood which 

has returned from the extreme vessels, and before it pas- 

/ 

ses to the heart. All traces of it are very soon lost in the 
blood, as it mixes perfectly with that fluid. It is proba* 
ble, however, that its natur^ is not immediately complete- 
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ly altered. The blood passing from the heart is convey¬ 
ed to the lungs, where it circulates over a very extensive* 
surfKtie presented to the atmospheric uir, with the inter¬ 
vention of a very thin membrane, whjch does not pre¬ 
vent J:heir mutual action. During this circulation, the 
blood loses a considerable quantity of carbon, part of 
which,;it IS probable, Is derived from the*ir.qierfectly assi¬ 
milated chyle, as this, originating in part from vegetable 
matter, must contain carbon in larger proportion than 
even the blood itself. In the process of respiration, we 
have also reason to believe, as I shall soon have to observe, 
that a portion of oxygen and anothe/of nitrogen arc re¬ 
ceived, which enter into the composition of the blood. 

The process of sanguification, however, is probably not 
yet completed. The blood .returning to the heart, is dis¬ 
tributed over the whole body. In the extreme vessels it 
undergoes a certain change, is converted from the arterial 
to the venous state, and though this is connected with the 
different species of secretion, yet it is probable also, that 
in these vessels the process of animalizatton is finished. 
There remains, as the result of it, a redundance of car¬ 
bon f and the venous blood is again brought back to the 
heart, and convt yed to tlie lungs, where this excess of 
carbon is discharged. 

If we now examine the composition of the blood, we 
find it to be entirely different from that of vegetable mat¬ 
ter, from which it is ultimately derived. It is a hetero- 

> 

geneous fluid, composed of various principles which we 
Can easily distinguish, and which all p^osscss the general 
characters of animal matter. 

K;k2 
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From this fluid the solids seem directly to derive 
c nourishment, by attracting imm^iately the principles 
which It contains ready formed; for there Is perhaps no 
solid in the animal body, of which not merely the ulti¬ 
mate, but even the Immediate principles exist ip the 
blood. 

There is ^mother process, however, that of Secretion, 
by which new products are formed. In the course of the 
circulation, the blood is conveyed to certain organs named 
Glands, and is there entirely changed in its chemical com¬ 
position, BO as to form various products not pre-existing 
in the xpass of blood, and which form some of the most 
important varieties of animal matter. 

Various hypotheses have been given of the nature of 
this process. At one time it was regarded as merely me¬ 
chanical, as a species of filtration ; but the mere fact, that 
the products are entirely different from any existing in 
the blood, afford a sufficient refutation of this opinion, 
while it proves it to strictly chemical. A fluid is re¬ 
ceived into certain vessels; in these its composition is 
changed, not merely from the abstraction of principles 
previously existing in it, but from new combinations of 
its elements. From the mere description of this process; 
therefore, it is evident, that it consists of a scries of che¬ 
mical actions. 

But if we further endeavour to investigate how these 
are effected, or inquire particularly by what powers these 
new chemical compounds are formed,’ we And ourselves 
engaged in a task of the most difficult kind. In the struc¬ 
ture of the glands we perceive nothing but a series of 
convoluted vessels, through yhich the blood circulates, 
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and we are unable to discover, how the action of these 
vessels can operate so as to form on^ new product; far 
less, how different glands can, from the same fluid, form 
substances entirely diflerent in their chemical composition 
and properties. 

Some physiologists have sought to solve this difficulty 
by sayinj,' that secretion is the effect of.the vital power 
of the secreting organ; not aware, perhaps, that this is af¬ 
fording no explanatitm, but merely acknowledging an oc- 
culf cause. Digestion was, for a time, ascribed by those 
who were dissatisfied with the hypothesis of fermentation 
or of mechanical trituration to vital action ) and the pro¬ 
duction of animal heat was referred to the same cause. 
We now know, that these are the eflfects of processes 
strictly chemical. We have every reason to consider se¬ 
cretion in a similar point of view; and it is sufficiently 
probable, th*at future investigations may ascertain its na¬ 
ture, as satisfactorily as modern chemistry has discovered 
the cause of what must at one time have appeared as dif¬ 
ficult, the production and regulation of animal tempera¬ 
ture. 

It might be supposed, as one mode of solving these dif¬ 
ficulties, on chemical principles, that the mattpr of which 
the gland itself consists, exerts an attraction to one or 
other of the elements of the blood, by which the order of 
.attractions being broken, new products may be formed. 
But the obvious objection to this opinion is, that the 
glandular matter must undergo a proportional change; 
a .change utterly incompatible with the office it was de- 
* signed to perform, or even with its existence as an orga«> 
|i't?ed part. 

jkks 
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On a subject so obscure, it is impossible to give more 
than hypothesis; and even that can be supported by lit¬ 
tle direct proof. Tct if it afford any tolerable explana¬ 
tion of the phenomena, it is always advancing one step, 
and may give rise to new views. . It may perhaps be sup¬ 
posed, that the cause productive of the new combinations 
which constitute secretion is the simple approximation of 
the elements existing in the blood. That fluid is propelled 
by a vuhUrgo into canals of the most astonishing minute¬ 
ness, the diameters of which are still farther diminished, 
from their alternate contraction from the stimulus of the 
blood. There can be no doubt, that, in compounds, the 
force of attraction subsisting between their constituent 
particles is modified by the distances at which these are 
placed } and in compounds especially which consist of 

I' 

four or more principles, the slightest alteration in their 
relative situation is sufEcient to change entirely their ex¬ 
isting attractions, and induce new combinations. The 
blood is a compound of this kind : its ultimate principles, 
too, ate capable of entering into an innumerable variety 
of combinations with each other. We may conceive, 
therefore, that, when subjected to the contraction of the 
extremely |ninute vessels through which it is forced to 
circulate, the relative positions of its elements will be 
changed, their attractions will of course be altered, and 
new combinations formed. And if we suppose a fluid 
thus passing through tubes of different diameters, and 
undergoing successive decompositions, we may easily 
conceive, that vety different products may be formed 
from the same original compound. 

This aflFords a very simple view of the nature of sccre- 
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tlon. No complicated apparatus is requisite for the per¬ 
formance of the mere change, all that is necessary b^ng 
the propulsion of the blood through extremely minute 
vessels, capable of contraction. It has accordingly fre- 
<]uently been observed, that new produets are in different 
cases formed without the intervention of glands ; such is 
the formation of the fat, of the solid fibre, and of various 
other parfs. It is easy to conceive, -that the formation of 
these may take place in the extreme vessels, where these 
products are deposited ; and, in like manner, in the mere 
course of the circulation, may be formed the gluten, al¬ 
bumen, and other principles of the blood itself. 

It is easy also to account for the variations to which 
secretion is liable, as the contractions of the vessels must 
vary, from variations in the state of their irritability, or 
of the stimuli which may be applied to them. 

From secretion a variety of products are formed, as the 
l>ile, milk, fat, the bony matter, the matter of membranes, 
and a variety of others. These complete the formation 
of animal matter, and comprehend its several varieties. 

Such are the different steps of the process of animaliza- 
<ion. The food is digested in the stomach, mixed with 
animal matter in the intestine canal, and converted into 
chyle. This mingles with the blood, loses a portion of car¬ 
bon in the lungs, and perhaps receives some oxygen and 
nitrogen : in the extreme vessels it is finally converted in¬ 
to the general principles of animal matter, and, in the 
glands, is converted into various secreted products. 

Since the different varieties of animal matter are thus 
' tiltimately formed by the processes of digestion and res¬ 
piration, it becomes an object of inquiry, whether, from 

Kki 
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the principles known to be conveyed by these processes^ 

4 

we can explain their formation. Their ultimate elements 
are carbon^ hydrogen, oxygen, nitrogen, sulphur, and 
phosphorus, with minuter portions of lime, iron, potash, 
and soda. Are these, or any of them, formed by the ani¬ 
mal system, or are they merely introduced into the body 
from without, and brought into new comblnapons ? 

With respect to this question, so far as it regards the 
three first of these substances, carbon, hydrogen, and oxy¬ 
gen, there can be no difficulty. They exist in vegetable 
matter in a proportion even larger than that in which 
they exist in the animal products}' and it is evident, there¬ 
fore, that they are conveyed by the food. 

To trace the origin of the nitrogen in the animal sys¬ 
tem is more difficult. It exists in small quantity in ve¬ 
getable matter, and only in some varieties of it) and as 
many animals live entirely on vegetable food, and almost 
all may be brought to live principally on it, it is far from 
helng evident whence the nitrogen so abundant in the 
composition of both their solids and fluids is derived. 

It has been supposed to be received in respiration. Dr 
Priestley, in endeavouring to determine the chemical 
changes which the air suffers in that process, found rea¬ 
son to conclude, from his experiments, that an absorption 
of nitrogen took place \ and a similar conclusion appeared 
to be established by the experiments of Goodwyn. On 
the other hand, Lavoisier inferred from his experiments, 
at an early period, that the absolute quantity of nitrogen 
in the air received into the lungs remained unchanged. 
Mr Davy, in the course of his researches on the respira- 
. tion of nitrous qxide^ observed a diminution in t}ie quai^- 
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titjr of nitrogen air in the atmospheric air in ordinary 

respiration, and, as is afterwards to be more fully stated, 

concluded, that about five cubic inches of it disappear, or 

are absorbed by the blood, in the course of a minute. 

And this consumption of nitrogen appears since to have 
» 

been established by the experiments of PfafF *. This af¬ 
fords an ^undant source whence all the. nitrogen found 
in the animal system may be derived. It may be remark¬ 
ed, however, that the fact has been doubted by some phy* 
siotegists j and it is not impossible that this nitrogen may 
have a different origin. It has been inferred, that vegeta¬ 
ble substances contain Vionc of this principle, ks they in 
general afford no ammonia in their decomposition by. 
heat i but if it be an element in the composition of acetic 
acid, as appears to be established, since this acid is one of 
the usual products of that decomposition, this inference 
will require to be corrected ; and a sufficient quantity of 
nitrogen may perhaps be contained ih the vegetable mat¬ 
ter used as food, to afford, by accumulation in the system, 
all that exists in animal matter. In all our researches on 
questions similar to this, it is also to be recollected, that 
the substances which we at present regard as simple may 
be compound ; atid that, with regard to the present case, 
nitrogen may either be a compound substance, or may 
exist in the composition of others, which our imperfect 
knowledge ranks as elementary. 

Phosphorus is another substance which exists In spar¬ 
ing quantity in vegetables, and is contained much more 
abundantly in animal matter. Its origin is not less ob- 


* Annales de Chimie, tom. Iv. p. 177. 
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scure. Some have supposed, that it is a product of ani- 

« 

^ malization; which appears not improbable, when we con¬ 
sider not only the proportion of phosphorus which exists 
in the solids that constitute the animal fabric, but farther, 
the large quantity of phosphoric salts which are discharg- 
ed as excrementitious. It appears, indeed, that a consi¬ 
derable proportion of it is contained in those vfirieties of 
vegetable matter which are chiefly subservient to animal 
nourishment. Vauqueliu, as hss been already remarked, 
found it in the farina of wheat, constituting, probablyjran 
element in the composition of the gluten : the ashes of 
one pounH of wheaten floor yielded about 8*1- grains of 
phosphate of lime *, whence he has calculated, that a per¬ 
son taking one pound of this flour daily, would, in the 
course of one year, receive 3 lbs. ounces of this salt- 
Many animals, however, live on food in which the exist¬ 
ence of this principle has not been established, those, for 
example, which feed on grass ^ at the same time, it is to 
be remarked, that the urine of these animals contains no 
phosphoric salts* An accurate analysis of the vegetable 
nutritious substances, with a comparison of the composi¬ 
tion of the solids and fluids of the animals which feed 
upon them, are still wanting to throw light on this sub¬ 
ject. 

Tlie same difHculties exist with regard to lime and iron, 
the two principal remaining substances which enter into 
the composition of animal matter. There can be no 
.doubt, however, but that both of them are found in al¬ 
most all the vegetable products; and lime is contained in 
bvery kind of water which can be used by animals as 
drink. Yet facts have also been stated, in proof that they 
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arc formed in the process of anlmaVization. The strong¬ 
est, perhaps, is derived from the analysis by Vauquelin of ^ 
the eggs of a hen, compared with the food which the ani¬ 
mal received, from which it followed, that the quantity 
of phospiiate and of carbonate of lime discharged was 
greater than what was contained in the food * ; whence 
it followc^, that both lime and phosphorus had been ge¬ 
nerated in the animal system. Others which have been 
stated arc less conclusive ; the argument drawn from the 
large quantity of calcareous matter secreted by certain 
marine anim.ils, to form their shells, is evidently so, as a 
large quantity of lime in a state of combination exists in 
sca-water. And the experiments which have been stated 
fo prove, that an egg, previous to incubation, contains less 
lime and less iron tlian the chick does immediately after 
it is liatchcd i’, arc too inaccurate to admit of any certain 
conclusion. This applies indeed, perhaps, to nearly all 
the researches on this subject. The general fact, that the 
greater part of those substances used as food by animals 
contain those principles, is perhaps sufficient to justify 
the belief, that iliey are introduced into the bocjy, and not 
actually formed ; any analysis by which the question 
might be determined with more precision being liable to 
such diiliculties and sources of fallacy, that, as hitherto 
executed at least, it can afford no certain conclusion. 


* Annalcs dc Chimie, tom. xxix. p. 22. 
f Abernethy, Physiological Essays. 
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CHAP. II. 

OF THE ANIMAL PRODUCTS. 


T he animal, like the vegetable products, may, to a 
certain extent, be reduced to a certain numbeV of 
species or proximate principles, characterised by certain 
distinctive characters. Yet this* classification is much 
less perfect than it is with regard to vegetable matter; 
we are far from being able to place under it the various 
animal solids and fluids ; and we arc therefore, in the pre¬ 
sent state of animal chemistry, rather compelled to give 
the hist(M*y of these solids and fluids in the state of com¬ 
position in which they exist, introducing under them the 
description of such proximate principles as have been suf¬ 
ficiently defined. Under this arrangement, the history of 
the blood| the common source whence the varieties of 
animal matter are derived, must first be given, and is of 
much importance, as this fluid contains, already formed^ 
the three roost common principles, albumen, gelatin, and 
fibrin. From the history of the blood, we proceed to 
that of the other fluids and solids, in tliat order best adapt* 
ed to their various relations. 
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SECT. I. 

OF THE BLOOD. 

Blood, that fluid which circulates through the vessels 
of the aninial system, sustains life, and affords the princi¬ 
ples whence all its products are formed, varies consider¬ 
ably ill its qualities, in the different orders of animals. In 
insects and some others, it is white or pellucid; in the 
more perfect animals it is of a red colour. Its consistence 
is somewhat thick, and it has a saponaceous feel: it has 
a sweetish slightly saline taste, and a perceptible odour, 
more or less strong in different animals. Its specific gra¬ 
vity is from 1.03 to 1.05. It is miscible with water, and 
is coagulated either by heat or cold. 

Though blood, as it circulates in the body, appears to 
be a homogeneous fluid, it appears under the microscope 
to be heterogeneous, or presents the appearance of parti¬ 
cles of a globular form, diffused through a liquid. On 
being removed from the body, in a short time too, the ap¬ 
parent uniformity of its composition is subverted ; it sepa¬ 
rates into a fluid of a yellowish colour and slight tenacity, 
and into a coagulum more or less firm, of a dark red co- 
lour. This process is the Coagulation of the blood: the 
fluid part is the Serum, the solid the Clot or Crassamcn- 
tum. By a further examination, the latter is likewise 
found to be a mixture or very slight combination of two 
principles,—of a red colouring matter, soluble in water, 
and, therefore, abstracted by washing the crassamentum; 
and of a white, solid, clastic^ and fibrous matter, w*hlch 
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remains. The former has been named the Colonring 
Matter, or the Red Globules of the Blood; the latter the 
Gluten or Fibrin. The proportions of all these to each 
other, vary considerably in different animals, and in the 
same animal in different states of the system. 

The cause of that spontaneous change of the blood 

which constitutes its coagulation, is far from'being well 

ascertained. Though it is retarded by motion, and by a 

moderate temperature being kept up, in other words, 

1 

takes place more readily when the blood is at rest, and 
when the temperature is allowed to fall below the natural 
heat of the blood itself; yet it also takes place under the 
opposite circumstances, when it is agitated, and when its 
temperature is riot reduced. Neither is the access of at¬ 
mospheric air necessary, as the coagulation takes place in 
vacuof as Mr Hunter ascertained. Experiments have 
been stated, particularly by Luzurlaga *, which seem to 
prove, that the coagulation takes place much more rapid¬ 
ly when the %lood is exposed to nitrogen, carbonic acid, 
or nitrous gas, than when exposed to oxygen or to hydro¬ 
gen gas. These facts seem quite anomalous, and point 
out no principle : and it has been affirmed by Mr Davy, 
that when blood is exposed to these and other gases, there 
is no marked difference in the times of coagulation f. 

Since the above circumstances have so little share in the 
coagulation of the blood, some have ascribed it to the 
evolution of some gas, which, while it remained in the 
vessels of the animals, was retained by pressure, and this, 

* Diasertatio Inauguralia, Edki. 1786. 
t Rescarcltes on Nitrous Oxide. 
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escaping from'the fibriii) disposed it to coagulate. But 
this is confirmed by no fact. ^ 

The spontaneous decomposition of the blood in its coa¬ 
gulation, affords the easiest method of discovering its im¬ 
mediate or proximate principles; and from our know¬ 
ledge of these, we are better enabled to determine the na¬ 
ture of the changes which re-agents produce on the entire 
blood itself. These principles, therefore, are first to be 
investigated. 

^rhe liquid formed by the coagulation, the Serum, as it 
is named, is a fluid slightly viscid and consistent, of a pale 
yellowish colour, and an insipid somewhat saline taste. 
Its specific gravity is about 1.028. It mixes readily with 
water in all proportions, losing, with a large proportion 
of water, its colour and taste. It is slightly alkaline, as it 
renders the syrup of violets green: this alkali, Rouelle 
discovered to be soda ; and muriate of soda is obtained, 
when muriatic acid has been added to serum, and the li¬ 
quid evaporated. ii 

Wlieii the serum is exposed to a moderate heat, it coa¬ 
gulates, or forms a kind of consistent mass more or less 
firm, but still tremulous, with a portion of interposed 
fluid. Tins coagulation takes place at a temperature of 
160°, and it does not require the presence of the air. It 
is quickly produced, by adding to the serum two or three 
parts of boiling water; but if the serum has been prevt- 
ously much diluted with cold water, it docs not happen. 
It is also occasioned by the addition of a number of sub¬ 
stances, as by several acids, by salts having an excess of 
acid, by alkohol, and by several metallic oxides. 
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This coagulation, especially as it is produced by he^t, is 
• a true analysis of the serum. As the substance which 
coagulates has all the properties of the white of an egg, 
it has been termed Albumen. It exists in many other 
animal products, and is indeed one of the most abundant 
proximate principles of animal matter, especially of the 
animal fluids and of the softer solids •, it is therefore ne« 
cessary that its properties should be fully examined. 

Albumen, then, (of which the white of the egg fur¬ 
nishes us with the best example), is distinguished by the 
following properties. 

It is soluble in water, and is again separated from it by 
coagulation, by the application of heat, by alkohol, by ■ 
acids, and several metallic oxides. After its coagulation, 
it is no longer soluble in water, unless by long boiling. 
It has been observed, that the coagulum separated by al¬ 
kohol, is more soluble than that separated by acids \ the 
acid probably, while It precipitates the albumen, affording 
it a small portion of oxygen. It has been supposed by 
Fourcroy even, that the separation of this principle is al¬ 
ways owing to its receiving oxygen » hut the fact, that it 
is precipitated by alkohol, while it is not by several sub¬ 
stances containing much oxygen and yielding it readily, 
as the oxymuriate of potassa, the black oxide of manga¬ 
nese, and some others, sufficiently refute this opinion : nor 
is the cause of the coagulation of albumen well ascertain¬ 
ed ; but it appears from the change it suffers at the same 
time in its properties, to be owing to some change in the 
combination of its principles. If albumen is dissolved 
in 8 or 12 parts of cold water, it is not coagulated by 
beat^ but when diluted even with a large quantity, aa 
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with 1000 times its weight, the liquor when heated, 
though not properly coagulated, becomes opaque *. 

Albumen is dissolved by the alkalis. Its solution by 
ammonia proceeds very slowly, and is completed only irt 
the course of several months. The solution is in the form 
of a viscid pulp, very porous, and of a much greater vo* 
lume than the original albumen. 

Pure potash or soda dissolves it with facility even ill 
the cold ; a quantity of ammonia is disengaged during the 
solution ; a grey powder is precipitated, and the liquor is 
of a dark brown colour. 

Acids dissolve albumen. In the concentrated sulphu¬ 
ric acid, the solution goes on slowly, and is completed irt 
a few days. In the nitric acid the mutual action is more 
rapid ; it can scarcely, however, be termed a solution : 
a large quantity of clastic fluid is discharged, and an oily- 
like matter is precipitated, soluble in alkohol. 

Albumen, when decomposed by heat, affords th* usual 
products of animal matter. It also contain# a portion of 
Sulphur. The effect of the white of an egg in blackening 
silver, has been long known; and Parmentier and Deyeux 
found, that on triturating albumen with a solufion of sil¬ 
ver, and digesting it in water with a gentle heaf, siilphu- 

ret of silver Is formed. Its residuum affords, phosphvtte of 
lime. 

In the analysis of animal matter, it is of considerable 
importance to have tests, by which minute quantities df 
albumen may be detected, as it enters largely, as an iitune- 
^diate principle, into the composition of many animal pro- 

* Bostock, Nicholson’s .hjurnal, vol. xi. p. 24‘7* 
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ducts. The corrosive Imuriate of mercury is one of the 
most delicate, and at the same time the most accurate. 
If a very small portion of the albumen of an egg, which 
ha^ been previously mixed with two parts of water, be ad¬ 
ded to a large quantity of water, on adding a few drops 
of the solution of the corrosive muriate, a milkiness, 
and at length a precipitate, is occasioned. Dr Bostock 
found, that by this test, albumen diluted with 2000 times 
-its weight of water, was detected. The acetite of lead, 
(Goulard’s extract), and the nitrate of silver, likewise pre¬ 
cipitate it, but they are not such useful tests, as they act 
also on other varieties of animal matter, which the muri¬ 
ate of mercury does not A solution of tannin produ¬ 
ces with it, slow'ly, a yellow precipitate. 

When albumen has been coagulated, its properties, as 
has been already remarked, are considerably changed. It 
is no longer soluble in water : by drying it becomes brittle, 
hard, and semi-transparent, as Mr Hatchet, who has ex¬ 
amined it in this state f, has remarked. Digested in wa¬ 
ter, it becomes soft, but it docs not soon suffer any fur¬ 
ther change. It is changed by the action of the acids. Ni¬ 
tric acld,4n particular, appears, from Mr Hatchet’s expe¬ 
riments, to convert it into a matter analogous to gelatin. 
The alkalis dissolve it,*at the same time decomposing it 
and causing a formation of ammonia. 

Albumen, as has been remarked, exists not only in the 
blood, but forms a constituent part of many of the soft 
solids. From Mr Hatchet’s experiments, it appears to 


* Nicholson’s Journal, voh xi. p. Qt-?. 
t Philosophical Transactions, 1800, p. 376. 
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form the bails of cartilage, shell, horn, and hair, and it 
enters into the composition of membrane, muscular hbrc,^ 
and bone. 

If the coagulated mixture, obtained by the action of 
heat on serum, be gently pressed, there flows from it a 
liquor somewhat turbid, named the Serosity j it may be 
diluted with water, and rendered clear ,by filtration. If 
it be then made to boil gently, on cooling it will become 
gelatinous, its consistence being more or less firm or tre- 
mtilous, according to the quantity of water that had been 
employed in its dilution. 

IJy this experiment,* then, we discover the existence of 
another proximate principle in scrum,—of a substance 
which is soluble in water, and which does not separate 
from that fluid on being heated, but forms with it a per¬ 
fect solution of a gelatinous consistence. By modern che¬ 
mists, this substance has been named Gelatin, and it forms 
a principal part of many of the atiimal solids, particularly 
of those that are membranous. It is from its presence, 
that the decoctions of animal matter, when of a certain 
strength, become gelatinous* The skin, cartilages, ten¬ 
ders, and the white solids in general, are principally com¬ 
posed of iti and decoctions of these, when thexiily matter 
has been separated, aflFord it in nearly a pure state, for the 
purpose of experiment. Glue, which is used in the arts^ 
on account of its adhesive property, and is prepared by 
boiling these substances strongly in water, is solid gelatip ( 
and isinglass, prepared from the membranous parts of the 
Iturgeon, is the same principle in a pure form. 

Gelatin is discovered in the serosity, not only by the 
property of forming a jelly by dccocuon> but likewise by 

L12 
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the appearances produced by re-agents. If the infusion 
^of galls or any other vegetable containing tannin be add* 
ed, a* flocculent yellow or brown precipitate is formed $ 
amd the proof that this is owing to the gelatin contained 
in the serum iS) that the appearance is precisely the same 
as is produced by the addition of the same re-agent to a 
solution of pure,gelatin. Tannin is by far the most de¬ 
licate test of gelatin. One part dissolved in 5000 of wa¬ 
ter was found by Dr Bostock to be discovered by the tur- 
.bid appearance, and even the precipitation, produced t>y 
the infusion To render it accurate, however, it is ne¬ 
cessary to attend to the circumstance, that tannin likewise 
produces a precipitate wish albumen. This, however, i^ 
much less evident, and the distinction between them is 
likewise easily established by the use of other tests. Thus, 
a solution of corrosive muriate of mercury, or of that 
form of acetate of lead known by the name of Goulard's 
Extract, does not affect gelatin, while it renders the solu¬ 
tion of albumen immediately turbid. 

The proportion of this principle which is necessary to 
give to water the gelatinous consistence, appears to be-less 
than one part of gelatin to 150 of water. Even when fhe 
consistence is most firm, the whole becomes liquid when 
the temperature is raised, and again gelatinates as it 
cools. 

Alkohol precipitates the gelatin from the serosity, but 
on heating the mixture sufficiently, the gelatin is re-dis¬ 
solved. 

The acids dissolve gelatin readily, and, at the samo 


* Kicholso&’s Journal^ voL xi. p. 25Ck 
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timei decompose it. Nirric acid disengages a portion of 
nitrogen, less considerable, Iiowever, than Ktrhat is yielded ' 
by some other animal substances from the same treat* 
ment: oxalic acid is at the same time formed, with a lit¬ 
tle orly matter. Sulphuric acid chars it. Oxymuriatic 
acid, transmitted in the state of gas through a solution of 
it in w^t^r, converts it into a white concrete matter, not 
soluble in water, and whic|i Lagrange considered as ge- 
ladn oxygenized 

The alkalis dissolve gelatin. The solutions of barytes, 
lime, and strontites, produce in its solution a milkincss, 
owing, according to Fourcroy, to the precipitation of 
phosphate of lime. Some of the metallic oxides commu¬ 
nicate oxygen to it; and a number of the metallic salts 
cause precipitates to fall from its solution. 

Gelatin is decomposed by heat. It affords carburetted 
hydrogen and carbonic acid gases, carbo^nate of ammonia, 
and cmpyreumatic oil, the residual charcoal containing 
phosphate of lime. It is very liable to putrefaction. 

• If the liquor remaining after the albumen and gelatin 
have been separated from the serum be examined, it is 
found to be little more than a solution of certain saline 
substances. Of these the principal is soda; and as no 
effervescence is produced on the addition of anacid, it is 
concluded to exist in the serum pure, or not combined 
with carbonic acid. Muriate of soda, phosphate of soda, 
and phosphate of lime, appear likewise to exist in the se¬ 
rum in smaller quantity, and are discovered by the preci- 
pitates produced, by> peculiar tests, and particularly by the 


* Nicholson’s Jodrual, vol. xuiji p- 209. 
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nitrates of silver and mercury, When a solution of’ni- 
* trate of mercury is added to it, a red-coloured precipitate 
is formed, which, according to Fourcroy, is principally 
phosphate of mercury. 

Such, then, is the composit'on of the serum of the blood, 
as indicated by a very simple analysis. It is composed of 
two distinct principles, albumen and gelatin, dissolved in 
water, which likewise holds in solution pure soda, with 
muriate and phosphate of soda, and phosphate of limCf 
From the composition and properties of these several 
products, we perceive the nature of the changes which the 
serum exerts upon certain chemical agents, or suffers 
from them. * Thus, from the soda it contains, it changes 
the vegetable colours to a green ; it gelatinizes from eva¬ 
poration } it is coagulated by heat, by alkohol, and acids, 
from the coagulability of the albumen ; it is rendered 
thinner by the alkalis, from the solvent power they exert 
on the albuminous matter *, gives a copious precipitate 
with tannin, from the combination of that principle both 
with its gelatin and albumen j it reduces several of the 
metallic oxides when digested with them, and passes itself 
to the solid state,—a change probably owing to its albu¬ 
men attracting oxygen ; it putrefies on exposure to heat, 
from the spontaneous decomposition of its principleB,espe- 
cially of its gelatin, which is even more disposed to putre¬ 
faction than the albumef). And when decomposed by 
heat, it affords carbonate and prussiate of ammonia, with 
an empyreumatic oil, carburetted and sulphuretted hydro¬ 
gen gases, with carbonic acid gas; its residuum being 
pharcoa), containing the salts which have been already 
. mentioned as being dissolved In this fluid. 
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The properties of the Crasr^amcntum, or solid coagulura 
•of the blood, are next to be considered. 

This is of a dark red colour: by exposure to atmo¬ 
spheric air, or to oxygen, it acquires a more florid red 
hue, and, on the contrary, it becomes much darker on 
being exposed to hydrogen, carbonic .acid, or indeed any 

r 

other gag, carburetted hydrogen excepted, which like 
oxygen gives it a more vivid colour. In all these cases, 
the gas by which the change is effected seems to be ab¬ 
sorbed, though not in any considerable quantity. These 
changes take place, even when the coagulum is covered 

f 

with serum. The change of colour is confined nearly to 
the surface ; the crassamentuni, when rendere4 florid by 
exposure to oxygen, appearing of a dark colour internally, 
when it is cut into. 

. The crassamentum exposed to the air does not imme¬ 
diately putrefy : it retains its colour .and consistency for 
several days, if the temperature of the air is not high. If 
it be exposed to a moderate warmth, it is dried : it retains 
ks dark red colour, and, if kept in a dry place, may be 
preserved for a long time without decomposition. 

The coagulum still retains in its substance a quantity 
of serum, which gives it particular properties. Thus, if 
k be thrown into boiling water, it renders the water 
opaque, from the coagulation of part of the albumen of 
rile serum : from the same cause, its consistence is in¬ 
creased by digestion in alkobol,orby the afiiision of acids, 
while the alkalis soften and dissolve it. Nitric acid dis¬ 
solves it, and renders it black. 

The crassamentum, exposed to heat, affords the same 
|«oduct3 as other animal substances $ the charcoal, 

L14 
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which U the residuum, contains a quantity of iron, w^h 
\ salts having lime and the alkalis for tl^eir bases, and con¬ 
taining phosphoric acid. 

'After noticing these general properties of the crassa- 
mentum, it is to be observed, that it is not a homogeneous 
substance, but consists of tvvo principles mixed together, 
or very slightly united. These are easily separable. If 
the crassamentum is washed with water, by inclosing it 
in a linen bag, immersing it repeatedly in water, and, at 
the same time, pressing it gently, the water acquires a 
deep red colour, and there remains a fibrous matter, near¬ 
ly perfectly white. 

By this simple analysis, then, the crassamentum is re¬ 
solved into two distinct principles,—a colouring matter, 
carried off by the water, and another solid fibrous sub¬ 
stance, which remains. The former is named the Colour- 
ing Matter of the Blood, or Red Globules; the latter, 
the Gluten^ Coagulable Lymph, s&r now more generally 
the Fibrin.. 

The colouring matter, from microscopical observationsi 
has been supposed to consist of round globules, which 
fome have even imagined to be organized. It is soluble 
in water, but, after some time, a deposition takes place 
from this solution. At the temperature gf it like- 
. ^ise loses its colour, and brown fiocculi are deposited. 

4 This matter sesims to be that upon which the gases act 
with peculiar energy. |f it is exposed to atmospheric air, 
pr oxygen, or eyen to substances capable of affording to 
\t oxygen, if, for instance, oxide of mercury is diffused 
^rough its watery solution, it acquires a florid hue : if 
^^Qsed to hydrogen or earbo^ic acid« it is skid to 
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of ^,l>rowii or dark red colour. 1 haye not observed, how^ 
ever, any change of colour by passing through it carbonic 
acid gas. 

The coagulum formed from the crassamentum by the 
heat of a water^bath may be dried, so as to be rendered brltf 
tie and pulverulent. Alkohol digested on it In this state 
dissolves a small portion, and assumes a red colour. The 
acids, if added to the soft crassamentum, darken it, and 
produce a partial coagulation. The alkalis dissolve it« 
From these properties, it appears to approach to albumen, 
with which some principle is combined, communicating 
to it colour. 

This principle has been recognised to be iron. The 
existence of this metal in the blood had been known to 
chemists. Menghini discovered, that from blood dried by a 
very gentle heat, it could be extracted in a magnetic state« 
Bucquet found, that the colouring matter separated from 
the crassamentum, dri#d and decomposed by heat, gave a 
residuum, the colour of which depended on iron. Sago 
supposed, that the iron existed in the blood in combina¬ 
tion with phosphoric acid ; and Fourcroy and Vauquelin 
have given experiments, by which they suppose tills to be 
established. If the colouring matter obtained from its 
solution in water, be decomposed by heat, a residuum of 
a dark ted colour is obtained, amounting to 0.0045 of the 
blood employed, and which contains some foreign matter 
besides iron. If this residuum be digested in nitric acid, 
a part of it is dissolved, leaving another part more red 
than before. Ammonia poured into this solution affords, 
a white precipitate, which when treated while wet by pure 
potaasaj fosefi weight, and assumes a daitk red coloijr^ 
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and lime-water added to this alkaline solution forms a 
precipitate of phosphate of lime. To understand, conti¬ 
nues Fourcroy, how the phosphate of iron which this 
analysis shows exists in the blood is in a state of solution, 
by means of the soda which that fluid likewise contains, 
k is necessary to remark, that this compound may exist 
in two states *, the one, the neutral, phosphate, of a grey 
colour, pearly, insoluble in water, and soluble in acids,—. 
the other, sub^phosphate, or phosphate with an excess of 

t 

base, of a brownish red colour, less soluble in acids, but 
soluble in alkalis. It is in this latter state of phosphate 
supersaturated with oxide of iron that it exists dissolved 
Ip the bloodj^a state in which it is maintained by the 
action of the soda. These chemists accordingly found, 
that this sub-phosphate of iron is dissolved in the serum 
of blood, or in the white of an egg, even without 
heat, and that it forms a strong red colour similar to that 
of the blood. A little pure alkali accelerates this solu¬ 
tion, and renders its colour more perfect and lively *. 
The principles contained in the colouring matter of the 
blood seem to exert a considerable action on metallic ox¬ 
ides. Vauquelin found, that copper was very easily disr 
solved by it. 

According to the view now given, the colouring mat¬ 
ter of the blood consists of albumen, with perhaps a por¬ 
tion of gelatin, united with soda, and sub-phosphate of 
iron. From its decomposition by heat, there are also ob- 
iained some other saline matters, principally phosphates 
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and muriateS) which are probably) however, not very es* 
sential to its composition. 

The Fibrin is the white solid matter that has formed 
the basis of the crassamentum, and from which the co<* 
louring matter is carried off by washing. It can also be 
obtained from the general mass of blood itself, by agita¬ 
ting it wiih a stick in an open vessel: the other principles 
are intimately mixed together, and the fibrin adheres to 
thc^ stick. It also forms those concretions named Poly¬ 
pi, which are found in the vessels of animals after death; 
and in certain diseases,jit is disposed even in a very short 
time to separate from the other principles, when it gives 
rise to the appearance named the Inflammatory Crust, or 
Buffy Coat. It is it which gives to the blood the property 
of coagulating spontaneously. It is contained in it in con¬ 
siderable quantity, amounting, according to Fourcroy and 
Vauquelin, at a medium, to 0.0028, though the propor¬ 
tion varies ||||iBderabIy. It is also contained in many 
other of the^Rbal products, as in the muscular fibre, o£ 
which it forms the basis, and is one of the best defined 
proximate principles of animal matter. 

Fibrin is a solid white substance, free of taste or smell, 
and of a fibrous texture, as is discovered by the micro¬ 
scope, tough, and somewhat elastic : it hardens and con¬ 
tracts much, on exposure to a very moderate heat, and be¬ 
comes wrinkled like parchment. It is entirely inloluble 
in water, except at such a high temperature as that which 
is obtained by pressure in Papin’s digester. Moistened 
with water, it very soon softens, swells, and begins to pu¬ 
trefy : it suffers a similar change in; a damp atmosphere. 
Tins, however, applies only to the ^brln of blpoff^ which 
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ItM probably some other matter -attached to it: for Mr 
Hatchet found, that fibrin obtained by repeatedly washing, 
and even boiling the muscular fibre with water, is not 
very liable to putrefaction. 

Fibrin is dissolved by the alkalis, but is at the same time 
decomposed. Pure potassa or soda acts upon it readily, 
even at the common temperature of the atmosphere, and 
forms a kind of soap: vapours of ammonia are disenga¬ 
ged, and a greyish matter is precipitated, which is carbo¬ 
naceous. Ammonia requires a temperature equal to 170% 
to enable it to act on the fibrin; it then dissolves it with 
facility. 

The acids exert a con$ider<ible action upon fibrin. Mu- 
liatic, acetic, and several of the vegetable acids, dissolve 
it I the solution is decomposed by the^ alkalis,,and even 
by water; but the precipitate has no longer the properties 
of the original matter, being, in particular, soluble in' wa¬ 
ter. The sulphuric acid decomposes it, down 

a carbonaceous powder, and forms acen^leid. Nitric 
acid, diluted with a large quantity of ^ter, disengages 
from it a large quantity of nitrogen gas, which proceeds 
entirely from the fibrin, as it was ascertained by Berthol- 
let, who first observed the phenomenon, that the acid is 
not decomposed. The residuum, in this case, is princi¬ 
pally oxalic acid, with a small portion of malic and acetic 
acids, and a portion of fatty matter. When the nitric 
acid is undiluted, it sdfiers decomposition, and nitrous 
^8, mixed with nitrogen, is disengaged. The action of 
nitric add, however, on fibrin, is much diversified, ac- 
cOfdiDg to its dilution and state of concentration. If the 
{ action be eiow> the fibrini as Mr H;ttchet found, passes in- 
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to a state somewhat analogous to gelatin If lieat is ap** 
plied, prussic acid is formed: and in this case too it ap« 
pears, from the experiments of Fourcrof and Vauquelin 
on muscular fibre, to be afterwards stated, that a peculiar 
principle, yellow, bitter, and acrid, is also formed. 

Fibrin, exposed to heat, is soon decomposed. An em^ 
pyreumatic oil, of a very offensive smell, first distils over^ 
which is followed by carbonate of ammonia, and very 
foetid gases, which are probably triple compounds of hy* 
dro^en with nitrogen and phosphorus; a charcoal remains, 
dense and brilliant, difficult of incineration,, and contain* 
iiig phosphate and carbdnute of lime. 

The three principles which have now been described 
as existing in the blood,—albumen, gelatin, and fibrin, 
and which enter so largely into the composition of animal 
matter, have a resemblance in their properties and also in 
composition ; but, with regard to both, they are still easir 
ly distinguished. Thus, with respect to properties, inde¬ 
pendent of ot^er material differences, there is one simple 
character which serves to distinguish them, drawn from 
the manner in which they are acted on by water : 
is soluble in cold water: the solution, when evaporated, be¬ 
comes gelatinous j and if this jelly be dried, it is still 
again equally soluble. Albumen is likewise soluble in wa« 
ter, but whenever the temperature is raised to 170®, it sc* 
parates by coagulation, and this coagulum is notL agahi 
soluble. Fibrin is clearly distinguished, by being entire*^ 
ly insoluble in water, at any temperature, under a coilft^ 
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mon atmospheric pressure. The modes in which these 
substances arc acted on by the acids» alkalis, and other che¬ 
mical agents, are also entirely diderent. 

These three principles likewise differ in their composi¬ 
tion ; for though they seem to consist of the same ulti¬ 
mate principles, of nitrogen, hydrogen, oxygen, carbon, 
phosphorus, and perhaps sulphur, yet these differ at least 
in their proportions. The difference seems to be princi¬ 
pally in th^ proportion of nitrogen. "When treated by ni¬ 
tric acid, gelatin is found to yield the smallefit proporrion 
of nitrogen gas : albumen more; and fibrin a quantity 
considerably larger than either. It seems, therefore, to 
be the most animalized product. It appears also to con¬ 
tain the largest quantity of carbon, as the charcoal left in 
its decomposition by heat is more abundant, according 
to Mr Hatchet’s observation, than that from albumen or 
gelatin. Sulphur seems peculiar to the composition of al¬ 
bumen. 


After thus pointing out the Immediate principles of 
which the blood is composed, it remains to state the che¬ 
mical properties of the entire fluid. 'Fhese are of course 
derived from tli^se principles, and from our knowledge of 
them may, in general, be easily understood. 

Blood newly drawn, is perfectly soluble in water, or it 
can be diffused through it without any alteration, and 
this dilution prevents its spontaneous coagulation. If the 
mixture, however, be heated, flakes separate, consisting 
of tKe albumen, and the colour is changed to a brown. 
The liquor, separated from the coagulum, yields, accord¬ 
ing to Fourcroy, a yellow bitter matter, by evaporation. 
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Acids added to blood, immediately decompose it; they 
Fender its colour darker and brown, and produce coagu- ^ 
lation. The nitric acid disengages nitrogen gas; the oxy« 
muriatic acid renders it perfectly black. 

The alkalis, instead of coagulating the blood, render it 
more thin and liquid, and prevent its spontaneous coagu¬ 
lation, evidently from their solvent power on the albumen 
and hbrin. 

The neutral salts frequently alter the colour of bloody 
arfd a number of them retard its coagulation. The me¬ 
tallic salts, in general, decompose and coagulate it: alko- 
hol, and even some of'the vegetable principles, as starch 
and glim, likewise produce coagulation; tannin thickens 
it and renders it black. 

When the watery part of the blood is withdrawn by 
gentle evaporation, a mass is obtained of a dark brown 
colour, which, if kept in a humid state, soon passes into 
putrefaction, and evolves very offensive products. If 
dried more thoroughly, it is obtained in the state of a 
black powder, somewhat unctuous, and which in a dry 
atmosphere may be preserved with little alteration. When 
exposed to heat it softens, swells, and in the open air 
inflames feebly, exhaling a very foetid smoke. The 
products in this decomposition are, according to Four- 
croy, first an ammoniacal liquid; secondly carbonate of 
ammonia, and a dense foetid vapour, oily and inflamma¬ 
ble : after these the vapour of prussic acid is recognisable 
by its smell, and lastly phosphoric acid. The residuum con¬ 
sists of oxide of iron nearly reduced, and perhaps in the 
state of carburet, phosphate of lime and muriafe of sodav 
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V Wh«n the decomposition of the blood by heat xs Ber<» 
^ Ibmied in close Vessels, there first distils over a quanti¬ 
ty of water of a faint odour^ and which very soon be« 
comes putrid ( when urged by a stronger heat, a liquid 
holding dissolved carbonate of ammonia mixed with oil: 
this oil comes over more copiously as the decomposition 
proceeds, is thick, of a dark colour, and foetid; it is ac¬ 
companied and followed by catburetted and sulphuret¬ 
ted hydrogen gases. The coal which remains in the re¬ 
tort is spongy, of a brilliant semi-metallic appearance, 
' and difficult of incineration; it contains, along with 
charcoal, iron nearly reduced, phosphate, muriate, and 
carbonate of soda, and phosphates of iron and lime. 

The preceding chemical history of blood has no refer¬ 
ence to the different states in which it exists in the ani¬ 
mal system. It is to be observed, however, that there 
are such differences; that the blood in the arteries of 
Bn animal is no; the same as that in the veins 3 and the 
nature of this difference is now to be explained. This 
indudes the chemical history of the function of respi- 
tation, by which the conversion of venous to arterial 
i^ood is effected^ 

The blood which returns to the heart by the veins, 
from the eitremities of the arteries, is of a dark red co- 
, lour verging to purple. When receivr'd into the right 
Imntricle, it is immediately thrown into the pulmonary 
artery, and is fibus conveyed to the lungs. In diese it cir¬ 
culates through extremely minute vessels, over u surfiicd 
%litch it has been Calculated ia at least equal to the whole 
Cttmial Surface of the body. .During this circulation, in 
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whl^h it is exposed to the atmospheric ^ir, alternately 
taken in and thrown out by respiration, it changes its co- • 
lour, becoming of a much more florid red. It is then re¬ 
turned by the pulmonary veins to the left side of the 
heart; is thrown from it into the aorta, and distributed 
through the arteries over the whole body. In the arteries 
it still preserves its florid red hue ; but, in their minute 
extremities, it sufiers a change opposite to that which 
it had sustained in the lungs ; it acquires the purple 
hue, and constitutes venous blood, which is again im¬ 
mediately returned to the right side of the heart. ‘While 
life exists, this circle is run, and these reciprocal changes 
produced. 

t 

When we examine chemically the properties of arterial 
and venous blood, wc find no other diflereiicc between 
them than that of colour. They contain the same princi¬ 
ples, and are subject to precisely;the same changes from 
chemical agents. 

The mere difference of colour, however, points out 
some difference in their composition, though it may be 
too slight to be discovered by analysis ; and when we ex¬ 
amine the phenomena of respiration, which are intimate¬ 
ly connected with the change of venous to arterial blood, 
we find, that such a difference must actually exist. 

In respiration, a quantity of atmospheric air is received 
into the lungs, and retained for a short time. When ex¬ 
pired, on examining it, its composition is found to be al¬ 
tered. It has lost a considerable part of its oxygen, and 
it contains a quantity of carbonic acid. The changes 
which it has suffered arc inseparably connected with the 
conversion of the venous into arterial blood, and conH'- 

U m 
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quently must be accompanied with correspondent changes 
in the composition of that fluid. 

Tins is the subject, then, which is to be considered,— 
the chemical changes produced in the blood by respira- 
tion, from which may likewise be inferred the opposite 
change which it suffers in the extreme vessels. 

The first point to be determined on this important 

4 t 

subject is the changes which the atmospheric air suffers 
in the lungs. 

Dr Black had observed, that the air expired from the 
lungs contains a quantity of carbonic acid, as was evi¬ 
dent from the mllkincss he found it to produce when 
transmitted through lime-water. Dr Priestley some years 
afterwards considered respiration as analogous to what he 
named phlogistic processes in general, that is, to, process¬ 
es in which oxygen is consumed ; the air, in respiration,^ 

• 

being diminished in ^cight and volume, and being no 
longer capable of supporting combustion or respiration. 
Lavoisier very soon after ascertained with more accuracy, 
by experiment, that, during respiration, the oxygen of the 
inspired air is in part consumed, and that, in that process,' 
carbonic acid is formed. 

When these discoveries were made, it became an ob¬ 
ject of importance to determine with accuracy the extent 
of these changes in other words, the quantity of oxygen 
consumed, and that of carbonic acid produced. With 
regard to this, howeverj the results of the experiments of 
differenf chemists have been extremely discordant; and 
there are peculiar sources of fallacy to which they are 
subject, which it is difficult completely to obviate, the 
changes themselves being Ijable to be influenced by tho 
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etata of the circulation, the nature of the food, the state 
of the assimilatory organs, and tlie temperature, all of • 
which it is not easy to obtain uniform. The experiments, 
too, have often been performed in an improper manner, 
not on natural respiration, but on air repeatedly inspired ; 
or even by confining an animal in a quantity of air, when 
there was not only this source of error, but another not 
less important in tlie effects of cutaneous transpiration. 

The first experiments that were made with the view of 
determining the proportion of oxygen consumed, to that 
of carbonic acid formed in respiration, were those by 
Crawford and by Lavoisier. Crawford found, that when 
40.86 cubic inches or 20.1 grains of carbonic acid gas 
were formed, 66.86 cubic inches or 18.9 grains of oxygen 
were consumed * ; and Lavoisier obtained, by a similar 
experiment, a result not far different, 26 grains (English 
weight) of carbonic acid being produced, when 23.2 grains 
of oxygen were consumed f : in both cases, therefore, a 
larger proportion of oxygen disappearing than was neces¬ 
sary to form the quantity of carbonic acid expired, on the 
common calculation of the composition of that acid, that 
it consists of 72 of oxygen and 28 of carbon. The expe¬ 
riments, however, were made in the exceptionable man¬ 
ner of confining an animal in the air respired, and, for 
the reasons already stated, cannot therefore be relied on 
as Indicating the proportions of the changes In natural 
respiration. 

Dr Goodwyn, by examining the air received into the 


* Crawford on Animal Heat, p. 347. 
f Annalea de Cbinlie, tom. v. p. 264. 
Mm2 
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lungs in one inspiration, found, that when twelve cubic 
inches were breathed, the air expired was found to have 
lost 1.56 of oxygen, while it had acquired 1.32 of car¬ 
bonic acid ; so that when 11 parts of carbonic acid werb 
produced, 13 parts of oxygen by measure were consum¬ 
ed-; or, for the sake of comparison with other experi¬ 
ments stating the consumption of Oxygen at 100, the pro¬ 
duction of carbonic acid was to the extent of 81'.6 *. 
More confidence may be placed in this result, as it “is 
free from the sources of error to which the preceding ex¬ 
periments are liable, though stiH it might be liable to 
some fallacy, from the small quantity of air operated on, 
particularly from this quantity being not the whole of 
what is submitted to the action of the blood in the lungs 
ill a single respiration. 

Priestley, in some experiments subsequent to those 
which he first made on respiration f, found the propor¬ 
tion of oxygen consumed to that of carbonic acid formed 
still higher than the proportions above stated. He breath¬ 
ed repeatedly in 100 ounce measures, or 189.8 cubic 
inches of atmospheric air : the volume of the air was re¬ 
duced to 71 ounce measures : 20.7 ounce measures, or 
2 2.42 grains of oxygen had disappeared, and G cubic inch¬ 
es, or 4.4 grains only of carbonic acid were found in tlie 
residual air; this, according to the usual estimate, contains 
only S.3 grains of oxygen, and not less than 9.12, there¬ 
fore, had been farther consumed. The difference of this 
result with those of others, and the great diminution of 
the volume of the air, must render the accuracy of the ex- ^ 


* Connections of Life'with Respiration, p. 51. 
t Philosophical Transactions, vol. Ixxx. p. 108; 
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periment very doubtful; and what proves this, indeed, is, 
that in another experiment only 7.8 of oxygen dis ippear- ; 
cd, when 4*.4 of carbonic acid were formed. Probably 
from the repeated forcible inspiration of the same air, a 
quantity of it had been absorbed, or, at the concluding 
expiration, the due proportion liad not been thrown out 
from the lungs. 

In a memoir on respiration, in the Memoirs of the Aca¬ 
demy of Sciences for 1789, by Soguin and Lavoisier, it is 
bri?'fly stated, that, from experitnents by the former che- * 
mist made upon himself, the mean consumption of oxy¬ 
gen in respiration is at Ihe rate of a cubic foot an hour, 
which, in the course of twenty-four hours, amounts to 
2 lbs. 1 oz. 1 dr. and that, in the same time, the quanti¬ 
ty of carbonic acid formed is equal to 2 lbs. 5 oz. 4 dr. 
•which gives a proportion of 100 of oxygen consumed to 
112 carbonic acid formed *. But in a second memoir, in 
the Transactions of the Academy for 1790, a very difFer- 
ent result is given ; the consumption of oxygen by respir¬ 
ation is stated at a little more than 22 cubic feet in twen¬ 
ty-four hours, (38.413 cubic inches), or 33 ounces 1 dr. 
and 10 grains i while the quantity of carbonic acid form¬ 
ed in the same lime is stated at only 8 cubic feet 6 cubic 
inches, or 17 ounces 7 dr. 4 grains, which is in the pro¬ 
portion of 100 of oxygen consumed to 51.5 of carbonic 
acid formed f. Such a discordance prevents much confi¬ 
dence from being placed in either result, and as the ac¬ 
count given of the experiments is brief and imperfect. 


* Memoires de I'Acad. des Sciences, 1789, p. 577. 
t Ibid. 1790, p. 609. . 

Mm3* 



550 


OP THE BLOOD. 


owing to the circumstances under which it was dfawn 
up, it is in vain to seek to reconcile them 

The experiments of Mr Davy on this subject were made 
with an apparatus well adapted to measure with accu¬ 
racy the volumes of the air operated on; and as they were 
also performed on natural respiration, they appear scarce¬ 
ly liable to any source of error. It follows from them, 

« I 

that when 51.6 cubic inches of oxygen are consumed, 
which is in the course of respiration for a minute, 26.6 
cubic inches of carbonic acid are produced, or the con¬ 
sumption of the former is to the production of the latter 
in the ratio of 100 to 84.1 f. This result as to the pro¬ 
portions agrees almost precisely with that established by 
the experiments of Goodwyn. 

Some years ago, and prior to Mr Davy’s experiments, 

I performed some in a similar manner, of which I read an' 
account to the Medical Society of Edinburgh A large 
thin varnished bladder was furnished wdth a stop-cock, 
and by a little practice I acquired the facility of inspiring 
/rom the external atmosphere and into the bladder; the 
stop-cock connected with it being shut at the inspiration, 
and being opened, by turning it with one hand while the 
nostrils were closed with the other, at the succeeding ex¬ 
piration. The quantity of air expired, amounted in thirty 
seconds to 265 cubic inches; by transferring a portion of 

* These were the last labours of Lavoisier. He fell a victim 
under the sanguinary tyranny of Robespierre ; and he in vain 
requested a short time to enable him to complete these important 
I'esearches. 

f Researches on Nitrous Oxide, p. 434'. 

Records of the Medica} Society, for 1798. 



or THE BLOOD. 


551 


it through qutcksllrer, and exposing it in a graduated jar> 
to a solution of pure potassa, the quantity of carbonic acid 
it contained was discovered; and from this the quantity 
contained in the whole expired air, when brought to the 
meaii atmospheric pressure and temperature, was found 
to amount to 16.57 cubic inches. From this a small de¬ 
duction must be made, for the quantity of carbonic acid 
gas previously contained in the air inspired } the precise 
amount of this it was not easy to determine, by experi¬ 
ment, with accuracy : but it may be supposed to be about* 
equal to the above fractional parts, and the real quantity 
may be stated, therefore, at 16 cubic inches. The oxy¬ 
gen in the residual air, after the carbonic acid had been 
abstracted, was found, by various eudiometrical methods, 
r.o be equal to 17.8 in 100 parts, or to 44.1 cubic inches, 

the whole expired air. It remained, therefore, in order 
to discover what quantity of oxygen had been consumed, 
to discover the quantity contained in the air inspired. But 
as the air received into the lungs was, from the manner 
of making tlie experiment, by breathing from the external 
atmosphere, not measured, the quantity of it was infer¬ 
red, from the quantity expired, adding to this of vo¬ 
lume to compensate for the diminution which tho air al¬ 
ways sustains in respiration*. This makes the quantity 

* It has generally been observed by those who have made 
experiments on this subject, that the air suifers a diminution of 
volume in respiration, or that the quantity expired is not exact¬ 
ly equal to the quantity inspired. Lavoisier stated this dimi¬ 
nution, when the animal breathed in oxygen, at and in at¬ 
mospheric air at of the volume ^aud Dr Goodwyn, at from 

respired. From a number of trials it ap- 
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of air inspired equal to 270 cubic inches; and this, from 
tthe analysis of the air of the room in which the experi¬ 
ment was made, contained 63.4- cubic inches of oxygen. 
But the expired air contained only 4<4<.l cubic inches, and 
consequently 19.3, or, malting allowance for the correc¬ 
tion requisite to bring it to the standard atmospheric pres¬ 
sure and temperjiture, 10 cubic inches of oxygen had been 
consumed. It follows, therefore, from these experiments, 
that in the course of a minute 38 cubic inches of oxygeri 
are consumed, and 30 cubic inches of carbonic acid form¬ 
ed, or, stating the former at 100, the latter is equal to 
$4.5. 'I’he absolute quantities are here somewhat great¬ 
er than in Mr Davy’s experiments, which might easily 
happen from the different volume of the lungs, the rapi¬ 
dity of the circulation, or state of the system * ; but the 
relative proportions agree precisely, or at least within two 
or three fractional parts, with those both of Davy and 
Goodwyn ; and it may be deserving of remark, that these 
three series of experiments which thus exactly correspond, 
are those made on natural respiration; while the others, 
all made in a different manner, present very discordant re¬ 
sults. 

Excluding, therefore, the experiments of Crawford and 
Lavoisier, which are exceptionable, as being made by con¬ 
fining an animal in the air breathed,—-the experiments of 

peared to me to be from ^ tt> hence, in the calculation in 
the text, I took the mean number of ^ 

* The absolute quantity of oxygen consumed, is nearly the 
same with that given by Dr Menzies: he states it at 3$ cubic 
inches in a minute f. 

t Diuertatio Inaugoralis de Respiratione. Edin. 179a 
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Priestley, which are equally objectionable, from the same 
air having been repeatedly breathedyw.and the latter ex« 
perinients of Lavoisier and Seguin, the results of which 
are so discordant with each other, as to give reason to 
doubt of the accuracy of the account that has been given 
of them i it follows, from the experiments of Goodwyn, 
Davy, and those which 1 have stated, all of which were 
made on natural respiration, that the proportion of oxygen 
consumed in that procees, is to that of carbonic acid form¬ 
ed* by measure, nearly in the ratio of 100 to 84 and that, 
therefore, more oxygen is consumed than is necessary to 
the formation of the carbonic acid expired. 

The absolute quantities are not very easily determined 
with accuracy, as they must vary in different individuals, 
and in different states of the system ; and hence the dif« 

’ ferent results on this point, which may be collected from 
the preceding statements. From 30 to 38 cubic inches 
of oxygen are consumed in a minute, and from 20 to 30 
cubic inches of carbonic acid formed. 

The air expired from the lungs, always contains a por¬ 
tion of watery vapour, as is evident from its condensation 
when we breathe in a cold atmosphere. The quantity it is 
dilRcult to estimate with perfect accuracy. Dr Menzies 
breathed Into a large allantoid, which had been weighed in 
a delicate balance *, the air was allowed to remain in it for 
^ome time, to allow of the condensation of the watery va¬ 
pour, and from the weight tbe allantoid gaiqed, he con¬ 
cluded, that 2 grains of watery vapour are expired in a 
minute. Mr Abemethy, by breathing into a glass vessel 
adapted to condense the water, found the quantity equal 
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to S grains in a minute *. In the series of experiments 
of which I have given an account, I endeavoured to deter¬ 
mine the quantity, by putting a* quantity of acetate o( po- 
tassa, a salt extremely deliquescent, into a tliin bladder 
furnished with a stop>cock, and weighing the whole in a 
delicate balance, then breathing into tlic bladder for half 
a minute, and confining the'expired air for seven minutes 
longer. It was then expelled, and the bladder was found 
to have increased in weight 2 grains. I found, that the 
acetate of potassa, expbsed to the same volume of the kir 
of the room for the same time, increased in weight near¬ 
ly half a grain ; and hence I inferred, what exactly cor¬ 
responds with Mr Abernethy*s estimate, that 3 grains of 
watery vapour are expired in a minute. 

It lastly remains to be determined, what is the influence 
of the nitrogen of the atmosphere in respiratioh; and 
with regard to this different conclusions have been form¬ 
ed, Lavoisier in his early experiments, considered the ni¬ 
trogen of the atmospheric air as perfectly passive in re¬ 
spiration, and as suffering no change whatever f. Priest¬ 
ley, however, in the experiments already referred to, in 
which he breathed atmospheric air repeatedly for a certain 
time, observed an apparent consumption of its nitrogen 
as well as of its oxygen, 14 ounce measures having disap¬ 
peared in one experiment in which 100 ounce measures 
had been thus breathed, and a similar result having been 


* Physiological Essays, p. 141* 

Meinoires de I’Acad. des Sciences, 1777. Memoires de 
la Soci^c de Medicine, 1783. 
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repeatedly obtained. But he adds, At the suggestion of 

i 

Dr Blagden, I now think it more probable that the defi* ^ 
ciency of phlogisticated air (nitrogen gas) was owing *to 
the greater proportion of it in the lungs after the process 
than before.” 

Mr Davy has since, however, investigated this with more 

care, and has concluded that nitrogen is consumed in re- 

« • 

spiration. He found in all his experiments, that a quan¬ 
tity of it disappeared; this amounted to about two-tenths 
of a cubic inch at each natural respiration, 13 cubic* 
inches being the quantity of air taken into the lungs; and 
as the number of natural inspirations amounted in a mi¬ 
nute to 2G or 27, it followed, that in that time 5.2 cubic 
inches of nitrogen are consumed,—a result which was 
confirmed by continued respiration, as well as by the re¬ 
spiration of animals confined in a portion of air, though 
in the latter case the quantity consumed appeared to be 
less 

This absorption of nitrogen In respiration appears to be 
conhrmed by some other experiments. It was observed by 
Dr Hendcrsoif, though to a less extent than is stated by Mr 
Davy, in breathing a portion bf air repeatedly from and 
into the gazometer f; and it appears likewise to be esta¬ 
blished by the more recent experiments of PfafFI. 

These experiments, however, are not altogether free 
from fallacy, particularly those where the same quantity 
of air was repeatedly breathed i for, as Mr Ellis has just- 


* Chemical Researches, p« 434. 
f Nicholson’s Journal, vol. viii. p. 4Q. 
Ibid, yob xii. p. ^49. 
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Ij observed the respiration as it proceeds becomes more 
difficult and laborious) and is at length terminated by 
a feeble expiration, in consequence of which the duepro- 
portion of air is not thrown from the lungs* There ap¬ 
pears, therefore, a diminution ; and accordingly it is ^a- 
ted by PfaiF, that the diminution and the loss of nitrogen 
25 always greater the longer the air is respired. This in¬ 
deed does not apply to the experiments performed on na- 
tural respiration, at least to the same extent. There re- 
,inain, therefore, the.experiments of Mr Davy perform'’ed 
sn this manner, in favour of the consumption of nitrogen; 
while, on the other hand, it is stated in the account of the 
last experiments of Lavoisier and Seguin, that « there is 
neither any disengagement, nor absorptidK of nitfogen gas 
during respiration f.’’ It is also to be observed, that from 
the experiments of Vauquelin, Spallanzani and Ellisit * 
appears, that there is no sensible consumption of nitrogen 
by the respiration of the lower orders of animals, while 
there is the usual consumption of oxygen and forma¬ 
tion of carbonic acid. 

It appears then, that in respiration oxfgen is consu¬ 
med, and carbonic acid fermed; and on an average of 
the experiments performed in the least exceptionable 
manner, the consumption of the one is to the production 
of the other in the ratio nearly of 100 to 84 ; that there- 
. fore more oxygen disappears than exists in the composi¬ 
tion the carbonic acid produced. About 12 or 13 


* Inquiry, &c. p. 114. 

f Memoires de I'Acad. des Sciences, 1789, p. 574. 
Inquiry, &c. p, 87, 88., 


Olf THE BCOOD. 


$57 


grains of oxygen are consumed in a minute, and nearly the 
same quantity by weight of carbonic acid formed. In the • 

if 

samb time, 3 grains* of watery vapour are expired ; and 
pcrliaps a small portion of nitrogen is also absorbed. It 
now remains to take a view of the theories that have been 
proposed to account for these changes, resulting from the 
reciprocal action of the blood and the air in respiration, 
and by which, as has been already remarkod, the blood la 
at the same time converted to the arterial state. 

Dr Priestley considered these phenomena as owing to 
the disengagement of phlogiston from the blood in tjie 
lungs, and its combination with the air a theory mqdU 
fied and rendigrcd more comprehensive by Crawfifd. 
He had originally, in his explanation f, adopted the term 
phlogiston, and supposed the blood to receive this principle 
in the extreme vessels, and to give out in the lungs. In 
the progress of the science, this term required to be de¬ 
fined or expunged *, he then substituted hydrogen for 
it: but as the combination of pure hydrogen with oxygen 
in the lungs could not account for the production of 
carbonic acid, he supposed it to be that species of gas 
which is disengaged fiom vegetable substances by heat, 
the heavy inflammable air of the older chemists, the car- 
buretted hydrogen of the modem nomenclature This 
hydro-carbon, as it was named, Crawford supposed to be 
communicated to the blood in the extreme vessels, by 
which its conversion frpm the arterial to the venoufi' 


* jPliilosophical Transactions, 1776. 

*)* Crawford, on Animal Heat, 1779. 

1 Experiments and Observations on-Animal Heat, 2d edition. 
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$tato was occasioned; in the lungs he supposed it tb bs 
given out, and in its nascent state, or its transition to the 
elastic form, it combined, he supposed, with the oxygen 
of the air, and formed the carbonic acid gas and watery 
vapour expired, while the blood deprived of its hydro¬ 
carbon returned to the arterial state. The same expla¬ 
nation nearly was given by Lavoisier, at least he suppo¬ 
sed the carbonic acid gas and watery vapour of the ex¬ 
pired air to be formed by the combination of carbon a^d 
hydrogen from the bloodwith oxygen in the lungs. 

Lavoisier had also suggested, that the combination of 
oxygen with carbon might take place in the course of the 
circulation * ; that the oxygen which disappears in respi¬ 
ration may be directly absorbed by the blood, while, on 
the other hand, carbonic acid might be given out fully 
formed. This hypothesis was afterwards adopted, and 
endeavoured to be established by Ha|senfratz and La 
Grange f. Tliey observe, that venous blood exposed to 
oxygen acquires a vivid red colour, which soon changes 
to a purple hue ; and that arterial blood placed in vacuo, 
or in contact with any gas which does not contain oxygen, 
quickly assumes the dark purple colour. They conclude, 
therefore, that the florid red colour of the blood is the 
result of the absorption of oxygen, while the dark venous 
colour arises from the intimate combination of that oxy¬ 
gen with a portion of the carbon and hydrogen which the 
blood contains. According to this theory, then, oxygen 
28 absorbed by the blood in the lungs, remains in the ar- 


♦ Memoires de l*Acad. des Scicncee, 1777, p. 191- 
f 'Anaales de Chimie, tom. iz. p. 261. 
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torlsj blood for a time in a state of solution or loose coni|- 
binationj but it gradually passes, especially in the ex- , 
trcme vessels, into more intimate combination with car¬ 
bon, forming carbonic acid, in consequence of which the . 
blood passes to the venous state y and from this venous' 
blood the carbonic acid is disengaged in the lungs, and a 
new portion of oxygen absorbed. 

• f 

These two hypotheses divided the opinipns of physio- . 
Idgists, one or other of them being generally embraced. 
Tfiey are both, however, defective; their principles are 
far from being proved, and they involve suppositions in¬ 
compatible with the laws which appear to regulate the 
chemical actions that proceed in the animal system. No 
proof is^ given, in the system of Crawford, of hydro-car¬ 
bon being communicated to the blood in the extreme ves- 
"^sels 5 nor is it easy to imagine any source whence this 
principle in an insulated state could be derived; for, al¬ 
though it has been imagined, both by Crawford and Has- 
senfratz, that it may have its origin in the solid parts of 
the system being absorbed, this is at once refuted by the 
considerations, that this absorption is performed, not by 
the veins, but by the lymphatics; that it is not sufficient¬ 
ly Uniform, nor limited to carbon and hydrogen; that to 
whatever extent it may be carried, the blood must/ in a 
state of health, deposite as much as is removed ^ and that 
there is no evident cause by which the carbon and hydro¬ 
gen can be separated from the other elements, and be 
brought into binary combination. And, in the theory of 
HassenfratZy though it should be granted, what some facts 
appear to render probable, that a portion of oxygen is ab- 
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^rbed by arterial blood, there is no proof that this is 
combined merely with carbon, and that carbonic acid, the 
result of this combination, is contained in venous blood. 
We have even proof that the latter supposition cannot be 
just; for, when arterial blood is exposed to carbonic acid 
gas until its colour is darkened, it does not recover its 
florid hue from a subsequent exposure to oxygen and 
is therefore not venous blood. 

Neither are the changes which these hypotheses sup- 

r 

pose, at all analogous to the usual chemical changes which 

take place in the animal system, or suflicicntly connect- 

( 

ed with the purposes which the blood serves in its circu¬ 
lation. They both suppose, that the changes which the 
blood undergoes, depends not on changes in its compo¬ 
sition, strictly speaking, but on the alternate communica¬ 
tion and abstraction of a principle held by it in a state 
solution, and which appears to serve no purpose in the ani¬ 
mal economy, but is assumed merely to account for the phe¬ 
nomena of respiration, '{'he supposition itself is extremely 
improbahle. When the general facility of combination 
in the principles of animal matter, and the tendency which 
the actions of the vessels'have to form them into ternary 
or quaternary principles, are considered, it can scarcely be 
admitted, according to the one theory, that oxygen should 
be absorbed by the blood in the lungs, without immedi¬ 
ately altering its composition; that without being attract¬ 
ed by any of the other principles of the blood, or influ¬ 
enced by the other cheniical changes going on in the sys- 


* Priestley, Experiments on Air, vol. iji. p. ?63. 365, 
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tetnnit should be merely combined with carbon, or with 
carbon and hydrogen, In the proportions necessary.to form 
carbonic acid and water; and that this carbonic, acid, 
without affecting the ultimate composition of the blood> 
should be carried the whole length of the venous circula¬ 
tion, and thrown out at the lungs. It is equally impro* 

bable, according to the hypothesis of Crawford, that car- 

* 

bon and hydrogen should be brought into a state of bi¬ 
nary combination in the extreme vessels, and should be 
held merely dissolved by the venous blood, until acted on 
by the oxygen of the air in respiration. 

Stfll less are the cl»anges which these explanations sup¬ 
pose, connected with the knovyn changes which the blood 
suffers ; for no relation is traced between the process 
of assimilation or of secretion, and the suppos'ed commu¬ 
nication of hydro-carbon, or the combination of hydros 
carbon and pxygen, in the extreme vessels. 

In any theory of respiration, the conversion of arterial 
Into venous blood ought to be considered as intimately 
connected witli, or rather as the result of the changes 
which are constantly carried on in the extreme vessels ; 
and this conversion, as well as fhat of venous into arterial 
blood, must be regarded as arising from changes in the 
ultimate composition of the known pfejeimato principles 
of the blood, and not merely from the alternate commu*" 
nication and abstraction of a principle which it holds dis¬ 
solved in it, or in what is termed a state of loose combi¬ 
nation. According to this View of the subject, the fol¬ 
lowing may perhaps be considered as an eijplanation of 
these pKenomena^ 

Hn 
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The blood is the source whence all the parts of thd 
* body and the products of the system are formed. Its ex<* 
penditure is constantly supplied by the chylei a fluid* less 
completely animalized than the blood itself. The pecu« 
liar character of animal matter, with regard to composi¬ 
tion, is a latge proportion of nitrogen, and a diminished 
proportion of carbon. It may therefore be inferred, that 
in the extreme vessels, where the animal solids and fluids 
are formed, the general process will be the separation 
from the blood of thoee elemefits of which animal matter 
is composed 5 and that, of course, carbon, which enters 
more sparingly into its composition, will exist in the re¬ 
maining blood in an increased proportion. This is ac¬ 
cordingly the general nature of tl'e conversion of m-ltrial in* 

4 

to venous blood. Nitrogen, hydrogen, and other elements^ 
are spent in the formation of new products, and the 
proximate principles of the blood, probably the crassa- 
mentum chiefly, remain with an increased proportion of 
carbon. In this state it is c.^poscd, under a very exten¬ 
sive surface, to the atmospheric air m the lungs, the oxy¬ 
gen of Hi^hich abstracts itd excess of carbon, and forms the 
carbonic acid expired. At the same time another change 
probably takes place, to serve a different important pur¬ 
pose. A supply of oxygen seems to be required to sup¬ 
port the necessary actions of the system; a quantity of it 
therefore is absorbed by the blood in the lungs, and ex¬ 
pended in the extreme vessels. The combination of these 
changes,—of the abstraction of carbon by the attraction 
exerted to it by the oxygen of the inspired air, and the 
absorption of ano^r portion of oxygpn, with perhaps 
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fven*a small quantity of nitrogen, constitute conversion 
of venous into arterial blood. 

There appears little reason to suppose, that any com¬ 
bination of the oxygen of the air with the hydrogen of 
the blood takes place. The supposition that it does, and 
that this is the source of the watery vapour expired, ori*- 
ginated in the hypothesis of Crawford, which supposed 
hydro-carbon to be disengaged from venous blood. No 
fact has ever been stated in its support; it is a combina- 
tion which con apparently serve no purpose in the animal 
economy; for hydrogen exists in as large a proportion, (and 

I 

even in a larger), in animal as in vegetable matter. And 
there can be no doubt, that the degree of evaporation 
from a moist surface, so extensive as that of the internal 
surface of the Jungs, at the temperature of 96°, is ade- 
quate to account for the whole of the watery vapour ex¬ 
pired. 

We thus consider the conversion of arterial into venous 
blood, as intimately connected with, or rather as the re¬ 
sult of the other chemical changes going on in the system j 
and we perceive from this view, the final purpose of the 
process of respiration. In the'extreme vessels, the diffe¬ 
rent constituent principles of the blood are expended in 
the nourishment of the solid fibre; intlie formation of the 
secreted fluids ; and in the support perhaps of the living 
powers. Of these principles, carbon is that contained 
in the smallest proportion, in these solids and fluids; it 
is, therefore, that of which there is the least expenditure, 
and consequently it must be present in a larger proportion 
in the blood,.after it has undergone these changes. It is 
ctident, that to preserve tliB.due proportion, and prevent 

N n 2 
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it from accumulating, it must be discharged by ‘Some 
other process. Hence the necessity of the application of 
oxygen to the blood in the lungs, and the origin of the 
carbonic acid which is uniformly discharged. 

We thus too, trace the process of animalIzation from 
its first step,—the reception of the aliment to its comple¬ 
tion. All animals live directly or indirectly on vegetable 
matter. The principal difference in the composition of 
vegetable from* that of animal substances is, in the former 
containing a larger proportion of carbon. Respiration is 
the function by which this difference is established. The 
aliment received into the stomach, is soon formed into a 
fluid capable of assimilating with the blood. It is thus 
conveyed to the lungs, and loses part of its carbon, or is 
partially animalized. It is then distributed through the 
system, and, in the extreme vessels, along with some car¬ 
bon, parts with so much hydrogen, oxygen, nitrogen, and 
other dements, as still to leave the carbon predominant. 
By these reciprocal changes, the conversion of vegetable 
into animal matter is effected. 

. It might be supposed, that in any view such as that 
which has been now given, there must be some difficulty 
in conceiving that oxygen gas should combine with car¬ 
bon with so much facility,' at a temperature so much low¬ 
er than that which is in general necessary for their union, 
and this, too, with the intervention of the-coats of the 
vessels through which the blood circulates,—a difficulty 
supposed to be obviated in the system of Crawford and 
Lavoisier, by the carbon being combined with hydrogen, 
forming an elastic compound, with which, in its nascent 
state, or in the moment of its disengagement from the 
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bloo^!} thb oxygen combined; and in the hypothesis of 
Lagrange, by the combination between the oxygen and , 
carbon being gradually formed in the course of the cir¬ 
culation. On attending, however, to the objection, it 
will be found to have no real force. Although carbon, in 
its solid and Insulated form, requires to be raised to a high 

temperature to cause it to combine with oxygen, yet when 

• • 

it makes part of a ternary or quaternary combination, in 
which state its cohesion no longer opposes the combina¬ 
tion, it is abstracted, and combined with oxygen at any 
natural temperature. It is thus that many of the vegeta¬ 
ble and animal substances, when humid, arc altered by 
exposure to the air, and, as has been already often re¬ 
marked, carbonic acid formed. Blood itself is acted upon 
in this manner. It suffers a change precisely similar to 
that which it undergoes in the lungs, and this more or less 
rapidly, and to a greater or less extent, according to the 
quantity of oxygen present, and the degree of agitation 
used. Arterial blood was exposed by Fontana to atmo¬ 
spheric air for three minutes, when no perceptible altera¬ 
tion was occasioned in the purity of the air : they were 
then agitated together for thre% minutes : the volume of 
air was diminished, and its purity impaired. When oxy¬ 
gen gas was substituted for atmospheric air, the alteration 
was still more considerable, its purity being diminished 
. even when agitation was avoided ; and when it was used, 
|he diminution in purity and volume, was still greater. In 
all these experiments, carbonic acid was also produced 
They therefore prove, that oxygen can attract carbon from 


* Opuscules Physiques, p. 33i<, &35« 
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arterial blood. With venous blood, the formation oC car¬ 
bonic acid is still greater, as Luzuriaga ascertained’*, and 
as has since been established by different chemlstsf If 
therefore oxygen can abstract carbon from the principles 
of the blood, under such circumstances, it is evident it 
must do so still more rapidly during respiration, where 

the circumstances are so much more favourable, where 

« •» 

there is comparatively a high and uniform temperature 
kept up, where the blood is exposed on an extensive sur¬ 
face, and in a state of extreme division, and where titat 
surface, as well as the air itself, are rapidly renewed. 

Nor can it be supposed, that the thin membrane which 
forms the coats of the vessels through which the blood 
circulates can oppose an obstacle to this reciprocal action ;. 
for‘it is known, that animal membrane much more dense 
than this, is sufficiently pervious to gaseous fluids, ancC 
what is perfectly in.point in the present case, that through 
such membranes, when humid, oxygen can act on blood, 
and communicate to it the florid colour, precisely as when 
the blood is freely exposed to it. Thus, Dr Priesrley 
found by experiment, that if a quantity of black blood 
were inclosed in a moisteded bladder, which was tied very 
close, on hanging it in a free exposure to the air, it ac¬ 
quired “ a coating of a florid colour, as thick as it would 
have acquired if it had been immediately exposed to the 
open air; so that this membrane had been no impediment 
to the action of the air upon the blood.” Mr Hunter 
mentions a similar experiment: “ I covered,” says he, “ the 
fnouths of vessels filled with venal blood with gold-beat- 


* Dissertatio Inauguralis, p. 53, 
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«r5*.skinf touching the surface of the blood, and the blood 
constantly became of a florid red on the surface, and even 
for^some depth It follows, from these facts, that 
there is no necessity for supposing any organic structure 
by which these changes may be cflected, or any process 
by which the carbon, requires to be separated from the 
blood and discharged ; that fluid may be considered, 
when circulating, in vessels so flue, as exposed to tlie ac¬ 
tion of oxygen nearly as if no membrane ysrere interpos- 
e'J : a part of that oxygen approximated to the blood will 
combine with a portion of its carbon, and the carbonic 
,acid, the moment it is formed, will, from its elasticity, 
recede and be discharged. Tiie whole action is purely 
chemical, and precisely the same as that which is exerted 
between air and blood out of the body, favoured only by 
'the circumstances of exposure, temperature, and agita- 
jtion, under which it takes place. 

It is to be stated as an important fact, independent of 
all theory, that the changes which take place in respira¬ 
tion are much influenced by causes, which occasion 
an expenditure of certain principles in the extreme ves¬ 
sels. Thus, Dr Crawford established by e^fperiment, that 
Jess oxygen is consumed by respiration at a high than at 
a low temperature f •, and more lately, this was confirmed 
in the experiments of Lavoisier and Seguin %} a roan con¬ 
suming, at the temperature of 54°, 1344 cubic iuches of 


* Treatise on the Blood, p. 62. 
f 'Experiments on Animal Heat, p'. 307* 
t M^moires de l^Acad. des Sciences, 1789^ p. 575. 
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oxygen in an hour, while, in an atmosphere at the jtcm* 
. perature of 79% he consumed only 1910 cubic inches* 
0r Crawford observed also, that, in an animal placed^in a 
warm medium, the venous blood approached to the arte¬ 
rial in colour; hence it appears, that the high tempera¬ 
ture counteracts those chemical changes which the blood 

undergoes in the extreme vessels, and that the diminution 

« • 

in the consumption of oxygen by respiration is owing to 
this cause, and not, as has been supposed, to the rarity of 
the air at the high temperature. If the consumption of 
oxygen were diminished from the latter cause, the blood 
ought to be even more completely venous than usual. In 
the series of experiments by Lavoisier and Seguin, was 
also confirmed, and shown with perhaps more accuracy, 
what however had formerly been known, that the con- 

'VI 

suinption of oxygen is influenced by the food and by tho 
state qf digestion. They found, that, during digestion, 
the consumption of oxygen was increased to 1800 or 1900 
cubic inches. Exercise,'too, considerably increased the 
proportion consumed. It is stated, that Seguin, in con¬ 
tinuing the exercise of raising a weight of 15 lbs. to a 
height of 613 feet during d quarter of an hour, consumed 
600 cubic inches, which is at the rate of 3200 in.an hour. 
And the Same exercise made during digestion occasioned 
a consumption equal to 4GOO. It is somewhat singular, 
that the greater or less proportion of oxygen in the air 
breathed appears to have little influence on the quantity 
consumed. Lavoisier and Seguin found, that whether an 
animal breathed pure oxygen gas, or a mixture of it with 
niHogen in various proportions, the quantity consum- 
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cd W 38 always the same *. Lavoisier had evert observed, 
in some of his earlier experiments, that less oxygen is 
conshmed when it is breathed pure *, and this was aftcr^ 
wards more fully established by Mr Davy, the consump* 
tion, according to his experiments, being only 28 cubic 
inches in a minute, when, in atmospheric air, it amount¬ 
ed to 31. This is accompanied, too, with a diminution 
• • 

in the formation of carbonic acid i the quantity foiftied, 
when oxygen was breathed, amounting only to 11 cubic 
inches, while, from breathing in atmospheric air, it 
amounted to 2C j-. The diminution here is even greater 
than the proportion in the diminution of the consumption 
of oxygen ; and hence it would appear, that in breathing 
oxygen gas, though less of it is spent in combining with 
carbon, more must be absorbed by the mass of blood. 
'X'hesc facts are singular, and not easily explained. 

The phenomena of respiration, as now described, are 
nearly the same in all animals : they all require oxygen^ 
and expire carbonic acid ; but the quantities of these are 
Very Various in the different orders. In warm-blooded 
animals, the changes proceed to the greatest extent, and 
the presence of oxygen is most'indispensable *, and among 
these, this also holds in a great measure in proportion to 
the size of their lungs. In the amphibia^ the supply of air 
is less indispensable, as they can sustain the deprivation of 
it longer, though .they still require it, and produce in it 
the usual changes. Fishes die in water deprived of air, 
and, according to Dr IMestley, they deteriorate the air 


* M^moires de PAcad. des Sciences, 1789, p* 575) 
j- lleseaschvs, p. 44^. . 
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contained “in the water in which they live And the .expet- 
riments of Vauquelin as well as the extensive research¬ 
es of Spallanzani have demonstrated, what had before 
been more or less accurately observed, that insects and 
worms consume oxygen, and form carbonic acid, though 
life in these animals is so languid, and remains so long 
under the suspension of its usual functions, that they can 
&ttS|||^n the deprivation of oxygen for 9 much longer time 
|dian animals of the other classes. 

f 

Connected with respiration, and with the changes which 
the blood suffers in that process, is the production of ani¬ 
mat heat; this arising from changes of capacity which ac¬ 
company the conversion of arterial into venous, and of ve¬ 
nous into arterial blood. 

In all the more perfect animals, the temperature of tlie 
body is uniformly superior to that of the surrounding me¬ 
dium, Thus, in man it is about 9G ^; and it remains at 
that, though we may be exposed to a temperature 40, 50, 
or 100 degrees below this. It is evident, therefore, that 
there exists in the system some process causing a constant 
evolution of caloric, by Which this equable and compara¬ 
tively high temperature is preserved. The action of the 
air in respiration is demonstrated to be the source of this 
evolution ; and the view which has been given of this sub¬ 
ject is undoubtedly the most perfect application of che¬ 
mistry to physiology, and affords even the most perfect ela- 


* Experiments on Air, vol. iii. p. 362. 
f Annabs de Chimie, tom. xii. 
Memoirs on Respiration. 
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cidation which we yet have of any function of the living 
system. • 

h5ayow ascribed the production of animal heat to the 
action of the air in the lungs; but his opinion, supported 
by no very decisive evidence, was little regarded. Dr 
JJlack, from observing the strict analogy between com¬ 
bustion and respiration, particularly, that in both process¬ 
es the air undergoes a similar change 5 and farther, ob¬ 
serving that in different animals the superiority of the 
temperature of their bodies over that of the surrounding 
medium, is greater the larger their lungs are, and the 
more air they consume; that in birds, for instance, it is 
much higher than in quadrupeds, and in quadrupeds than 
in aquatic animals;—from these observations drew the 
conclusion, that respiration is the source of animal heat. 

It is to Dr Crawford, however, that we are indebted 
for the full elucidation of this subject) or rather for the 
tlieory by which these phenomena are explained, and 
which he has demonstrated by very extensive and labor¬ 
ious investigations. 

From the changes which take place during respiration 
in the air in the lungs, Dr Crawford proves, that a large 
quantity of caloric must be rendered sensible. Oxygen 
is consumed, and carbonic acid formed. But we know, 
that in the formation of carbonic acid from the combina¬ 
tion of oxygen with carbon, a large quantity of caloric 
must be extricated, since the capacity of the carbonic 
acid is much inferior to the mean of the capacities of the 
Carbon and of the oxygen gas. 

But Dr Crawford at the same time ascertained by ex¬ 
periment, that the papacity.o{ the blood changes when 
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is converted from arterial to venous, and of course, from 
venous to arterial: the diderence between them he found 
to be as 1.030 to 0.892 ; that is to say, supposing tll^ ca¬ 
pacity of water for caloric to be 1000, the capacity of ar- 

« * 

terial blood will be rather larger, or 1.030, while that of 
venous blood will be considerably less, or only 892. 

t 

On these facts, Dr Crawford founds his doctrine of 
animal heat. In respiration, a quantity of oxygen is com¬ 
bined with carbon, so as to form carbonic acid. A quan- 
'tity of caloric must be extricated in consequence of this 
combination. But the blood is at the very same time 
changed from venous to arterial, and by this change ac¬ 
quires an increased capacity for caloric. It therefore 
takes up the caloric which has been extricated by the 
combination, so that any rise of temperature in the lungs 
which would be incompatible with life is prevented. Tlie 
arterial blood is immediately carried, in the course of the 
circulation, to the extreme vessels, when it passes to the 
venou$« state. In this conversion, its capacity for caloric 
is diminished as much as it had been before increased in 
the lungs : the caloric, therefore, which it had taken up 
is again given out; and this slow and constant evolution 
of caloric in the extreme vessels over the whole body is 
|he source of its uniform temperature. 

It Js this view of the changes of capacity which the 
blood suffers, which forms the peculiar feature and the 
excellence of Crawford’s theory. It might easily have 
been said, that respiration’is the source of animal hcat^ 
«nd the observation of a few analogies, such as those stat¬ 
ed by Dr Black, might have given probability to the as- 
•enion. *But it mi(st alway8.have been diihcult to con- 



OF THE BLOOH* 


57$ 


ceivc.how this heat, if derived from this source, was not 
rendered sensible in the lungs, or how it was equally dis¬ 
tributed over the body. This is fully explained from the 
changes of capacity which the blood suffers in its conver¬ 
sion from the venous to the arterial, or from the arterial 
to the venous state,---changes not hypothetically assumed 
to explain the phenomena, but established by experiment. 
Yet it is singular how much this has been misunderstood, 
a^d how often the objection in the following passage, 
which I quote from a modern systematic writer, has been 
urged by physiologists : ** Si la chaleur vital tirait sa 
source unique des poumons, elle devrait etre dans ces or- 
ganes incomparablement plus forte qu'elle nc I'est par 
tout aillcurs ct factivite de cet embrasement, neccs- 
saire pour cchauffer tout le corps, irait a detruire la sub¬ 
stance des parties qui en seraient le foyer The same 
objection has even been urged by Lagrange and Hassen- 
fratz •}•, who ought to have known better the doctrine of 
specific heat. ‘ 

This admirable theory Iras been confirmed by other ex-, 
periments, and independent of the direct facts upon which 
it has been founded. Dr Crawibrd himself, and afterwards 
Lavoisier and La Place, found, that when an animal is 
confined in a vessel contrived so as to measure the quan¬ 
tity of caloric which it gives to the surrounding medium 
in a certain time, and the quantity of oxygen consumed 
by the animal in that time, this quantity of caloric corres¬ 
ponds nearly to the quantity evolved from the combustion 

-- 1 ■ 

* Dumas, Principes de Physiologic, tom. iii. p. 555- 

f i^nnalcs de Chimie, turn. ix. p. 26(1.' 
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of carbonaceous matter, such as wax or oil, in the<same 
quantity of oxygen. It has been found, too, that wl at<> 
ever increases the heat of the body, such as violent exer¬ 
cise, or, in general, whatever augments the circulation, 
increases the consumption of oxygen in the lungs. 

I may add, that this explanation of the production of 
animal temperature is altogether independent on any par- 
. ticular theory of respiration. Whatever may be tlic na¬ 
ture of the difference between venous and arterial blood, 
whether the latter contain oxygen or not, or whether the 
former hold in solution hydro-carbon, carbonic acid, or 
any other principle, it is proved by experiment, that the 
blood in these two states has didefent capacities for calo¬ 
ric 5 and on this fact the explanation of the origin of ani¬ 
mal temperature depends. It is equally unimportant, 
whether the combination of oxygen with carbon be sup¬ 
posed to take place in the lungs or in the course of the 
circulation ; since from this combination the carbonic acid 
expired is derived; and therefore, wherever it takes place, 
|t must be attended with an evolution of caloric. The 
explanation according to both opinions is ultimately the 
same, and the merit of tUe theory remains with Craw¬ 
ford. ■ 

When an animal is placed in a medium, the tempera'^ 
ture of which is considerably high, it still preserves its 
temperature nearly uniform; the animal heat not rising 
much above the natural standard, as has been fully de¬ 
monstrated by the experiments of Tillet * and of For*» 


* Mumoires de FAcad. des Sciences, tom* xxxiii. p. 
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dyce and Blagden *. In this Case, it has been ascertained 
experiments of Crawford, that the usual change of 
into venous blood does not go on, the blood in 
the veins being nearly as florid as in the arteries. It is 
evident, therefore, that no evolution of caloric will take 

f 

place; and it is even possible, that the temperature of the 
body may be kept low by the blood acquiring an increas* 
ed capacity for caloric, though other circumstances, par* 
ticjalarly the imperfect conducting power of the animal 
solids, and the increased perspiration, have a share in the 
eflect* 

Transpiration is a function very analogous to res¬ 
piration, and ultimately producing, perhaps, the same 
changes in the blood. Carbonic acid gas is exhaled from 
the skin as from*the lungs, and oxygen absorbed. There 
is also an exhalation of aqueous vapour, which, when 
augmented by heat or exercise, is condensed on the sur¬ 
face, and forms the sweat. Count de Milly observed, 
that when the hand"^as kept for some time in warm wa-^ 
ter, a quantity of air was disengaged from the surface, 

which was found to be carbonic acid. The same fact 

« 

was established by the experiments of Cruickshank f. And 
Abernethy and Jurine further proved, that there is a 
consumption of oxygen. TJie former chemist exposed 
his hand to seven ounce measures of atmospheric air, con- 
flned over mercury for live hours; at the end of that 
'time the air had diminished in volume half an ounce mea- 
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fture, and by agitation with ]ime-water» one'"ounce .more 
, was absorbed, the lime water being rendered milky j ^ithc 

i 

residual air contained one^sixth less oxygen than before 
the experiment. When the hand was exposed to the air 
for nine hours, the quantity of carbonic acid gas produ¬ 
ced, amounted to rather more than an ounce measure, 
and the residual air contained one-fourth less oxygen than 

t * 

before *, Jurinc found, that on fixing bottles containing 
atmospheric air, to the surface of the skin, the air was vi-, 
tiated, diminished in volume, and contained carbonic 
acid f. These changes in the air are also accompanied, as 
in respiration, with the exhalation of watery vapour. Mr 
Cruickshank, by inclosing his hand in a glass vessel, the 
orifice of whicli was secured by being tied over at the 
wrist with bladder, observed that the glass soon became 
dim, and drops of water were condensed on its surface. 
In this way about 30 grains of water were collected in an 
hour, though on repeating the experiment the quantity 
was sometimes much less, and at other times, especially 
^aftcr exercise, was greaterIt is kntwn also to be much 
augmented by heat. From these facts it is apparent, that 
the skin performs functlbns, with regard to the atmos¬ 
phere, the same as those performed by the lungs; and 
they are no doubt connected with the same changes in 
the blood: though it appears, that the effects produced 
by the air on the blood, through the medium of the Skin, 


* Physiological Essays, p. 118. 
t Metnoircs de la Soci^td de Medicine, tom. x. - 
% Experiments on Insensible Perspiration, p. 69, &c* 
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are ipuch Itss considerable, owing no doubt to the den- 
fiitlr of that, membrane. 

^ **xavoisieT and Seguin, in their researches, endeavoured 
to determine what proportion the changes by transpira¬ 
tion bear to those by respiration*. They employed a 
covering of silk rendered air-tight by being coated widi 
a varnish of caoutchouc, and adapted to the body, so that 
the products by the skin could be separated from those 
by the lungs. By taking the weight, before entering the 
apparatus and after leaving it, the whole loss of weight 
in a given period could be ascertained ; and by weighing 
a few moments after being inclosed in the apparatus, and 
a few moments before withdrawing from it, the loss of 
weight from respiration alone was determined, and thus 
the proportion by each process could be established. The 
following are the results : The loss of weight sustained 
by an individual, not under any unusual bodily labour, 
varies from 11 grains in a minute to S2, or in twenty-four 
hours from 1 lb. 11 ounces 4 drachms, to 5 lbs ; this in¬ 
cluding the effects from trapspiration and respiration* 
The mean loss is 18 grains each minute, 1 ounce 7 drachms 
an hour, or 2 lbs. 13 ounces iif twenty-four hours : and 
in separating the effects of each of these functions, of 
these 2 lbs. 13 ounces, there belong to cutaneous transpi¬ 
ration 1 lb. 14 ounces, and to respiration 15 ounces.* 
These results can, however, be regarded only as approxi¬ 
mations : the uncertainty of those which relate to respi¬ 
ration have been already noticed ; and with regard to 
the general effects from transpiration, it appears from the 


* M^moires de I'Acad. des Sciences, 1790, p. €01. 
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account given by Seguin, that the watery pfbduct ,orrly 
had been attended to, and that there had been no ej|ti« 
mate of the oxygen consumed, or carbonic acid exh&icd^ 
by the skin. 

The skin appears to secrete a small portion of acid, as 
it sometimes is capable of communicating to the more de¬ 
licate vegetable colours a red tinge, and distilled water 
rubbed on it is rendered turbid by nitrate of silver. Some 
chemists have supposed this to be the muriatic, others the 

r 

phosphoric acid. In a state of disease, it is probable that 
the products by this organ are still more diversified. 


sncT. II. 

OF THE CHYLE. 

The food digested in the stomach, passes into the in¬ 
testinal canal; and in its progress, there is separated from 
it by the absorbents which terminate on the internal sur¬ 
face of the intestines', a >^hite milky liquor, which is con¬ 
veyed by these to the thoracic duct, and ultimately into 
the blood. This is the Chyle,—a fluid, the composition 
of which is important, as it is from it the blood is form¬ 
ed, and by its medium nutrition conveyed, but which, 
from the difliculty of procuring it, has not been examin¬ 
ed with that attention its importance demands. 

Its colour is white, its taste is sweet, and, as has been 
0aid, somewhat saline. On standing, it is alErmed, that 
I cteam forips qq its surfacp, ai^d aUo that it coagulates. 
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HaU^ fotinJ^ that after it had been exposed to the air for 
a mort time, it assumed a gelatinous form, and present- 
rTi kind of firm coagulum, adhering to the sides of the 
vesseU Under this was a portion of liquid, thin, and of 
the colour of milk. The coagulated mass is semi-trans¬ 
parent, and has a light red tinge *. According to For-/ 
dyce, besides this matter which coagulates spontaneous¬ 
ly, the chyle contains a fluid that coagulates by heat +. 

Very discordant results have been obtained from expe- 
rimeuts made on the effect of substances introduced into 
the stomach, on the composition and properties of the 
.chyle. Colouring matter mixed with the food, appears 
sometimes to communicate to it a tinge, sometimes not. 
According to Lister, it receives a blue colour from indigd 
received into the stomach ; an observation confirmed by 
Haller, who did not find, however, any effect from other 
substances, which had likewise been said to give it colour. 
Dr Fordyce also observes, that indigo thrown into the in¬ 
testines renders the chyle quite blue, and that musk com¬ 
municates to it a strong odour. This intermixture of 
substances, however, conveyed by the stomach, does not 
always happen. It has been found, that when iron is mix- 
^d with the food, no traces of it are to be discovered, by 
the test of infusion of galls in the chyle J ; and this has 
been stated as an argument to prove, that iron is not de¬ 
rived from without, but is actually formed in the animal 
system. 


* Fourcroy’s System, vol, x. p. 91. 
f Treatise on Digestion, p. 121. 

J Ibid, p. 122. 
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SECT. III. 

pF MILK. SUGAR OF MILK. SACCHO-LACTIC ACID. 

Milk is the fluid designed for the nourishment of 

i 

young animals^ and sepreted by a particular glandular ap¬ 
paratus in the mammx of the female. It differs some¬ 
what in its sensible qualities in different animals, but its 
chemical properties appear to be nearly the same. These 
have been often the subject of investigation *, which has 
been so far successful, that the proximate principles of 
this fluid are now known, though we are still unable to 
trace the changes by which it is converted into blood. 
Besides the knowledge of it, which we have received from 
the older chemists, an elaborate examination of it was 
some years ago undertaken by Parmentier and Peyeux 
and more lately some facts; with regard to it have been 
added by Lagrange f. 

Milk is white and opaque, its taste is bland and sweet, 
its smell faint; its consistence is somewhat thick, and its 
specific gjravity a little greater than that of water. These 
qualities vary, however, not only in different animals, but 
likewise according ,to the diet and state of the digestive 
organs, and eveo according to the period, after food has 
fiMn taken, at which the milk has been formed. 


* Experiences sur le Lait. 

<1* ^hokpn^s Journal, vol. x. p. 141. 
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milk newly drawn is allowed to remain at rest^ 

it\uffers a slight spontaneous decomposition, a thick 

Vnite very bland fluid collects on the surface, and the 

fluuT beneath is more watery. This change has been as^ 

cribed by some chemists to the action of the air} but 

others, particularly Young, liave asserted^ that it takes 

place equally when the air is excluded,—^an observation 
* • 

since confirmed by Thenard. This seems indeed more 
U^obahle, since, from the whiteness and opacity of milk^ 
it is obvious that an oily fluid is diffused through a watery 
one, and white globules are even discovered in k by the 
microscope. It is these, probably, that separate sponta-^ 
neously when the milk is at rest, and form the cream. 
The Cream is a substance of an oily nature, and, wheii 

agitated for some time, separates into a fluid and a solid 

♦ 

part, the latter having all the properties of a concrete oil. 
This oily substance, then, or Butter, is the first proximate 
principle which a simple analysis discovers in the milk. It 
is bland and sweet, but becomes rancid on exposure to the 
air. By distillation, it is converted principally into a fluid 
oil, and, when decomposed by heat, affords the same pro¬ 
ducts as animal fat. The cre^fm, therefore, is merely a 
mixture of this oily matter with the cheese and whey^ 
which form the other parts of the milk: 

When the milk is allowed to stand after the spontane¬ 
ous separation of the cream, it begins to suffer another 
change, which is more rapid in a high than low tempera*} 
ture. It first becomes acescent, and then coagulates^ 
When this coagulum is pressed gently, a serous fluid is 
forced out, and a solid dry matter, somewhat elastic,* and 

OoS 
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insoluble in water remains. This is the caseous part^lT 
tnilk, or the pure Cheese. y 

This change appears to be owing to tlie formation, 
of a small quantity of acid in the milk on standing, 

which re-acting upon it, separates the caseous matter. 

, * ' 

We accordingly find, that acids added to milk, eved 

though very weak, immediately coagulate it; many other 
substances have the same effect, as several neutral salts^ 
especially those containing an excess of acid, alkohol, sr 
gar, gum, the gastric juice of animals, and the juices of 
several vegetables. This caseous matter is also separated 
by mere heat. If milk be moderately heated in contact 
with the air, a thin pellicle forms upon its surface : if this 
is removed, or allowed to fall to the bottom of the vessel, 
a new one is formed, and this Continues for a considera«t 
blc time. After the formation of them has ceased, the 
remaining fluid is thin and serous. Farmentier and Dey- 
eux have ascertained, that these pellicles consist of a mat¬ 
ter perfectly identical with the cheese. The separation 
of it from the milk is promoted by the contact of the air* 
but apparently merely by its mechanical action, and not 
by any chemical effect 3 since its separation, they found, 
Vras eqtfally promoted by oxygen, hydrogen, or carbonic 
acid gas. 

The coagulum separated by these different substances 
is nearly the same in its properties. The liquor, however^ 
found in the stomach of young animals, or what is term¬ 
ed Rennet,* is preferable in order to obtain its full separa¬ 
tion. The curd that is formed by adding it to milk mo¬ 
derately heated, is merely the caseous matter retaining a 
{jdrtion of the serum or irhey^ which can be easily sepa« 
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jtaied by pressure. The coagulating i^wei: of the rennet 
was ascribed to a portion of acid which it contained i but 

* 

"'tXoung, and more lately Parmentier and Deyeux have 
shown,^ that it is the property of the juice itself, since, even 

when an alkali is added to it, so as to be in excess, it retains 

• 

the coagulating power. The membrane of which the sto¬ 
mach is composed likewise possesses this property, and 
conimutiicates it to water macerated upon it. The cause 
^of the coagulation is not well understood. 

The Caseous matter of milk is a white or greyish sub¬ 
stance, somewhat elastic ; W'hcn fresh, it is nearly insipid^ 
but becomes acrid on keeping. It is insoluble in cold 
water, but by boiling its texture is destroyed. 

If left exposed in a moist state to the air, it very sooii 

putrefies. If the moisture has been pressed out of it, and 

<• 

especially if It has been dried by a gentle heat, it remains 
a long time unchanged; 

The pure fixed alkalis, dissolved in water, and assisted 
by a moderate heat, act upon the caseous matter readily. 

It is dissolved, and at the same time ammonia is exhaled^ 
probably formed by the combination of its elements. If 
an ncid is added to the solutidh, a precipitate of a dark red 
colour is throwm down, and a smell of sulphuretted hy¬ 
drogen is perceived. Silver is also blackened by the li^* 
quor in a short time. Ammonia is likewise capable of 
dissolving the caseous matter. 

The mineral acids, when diluted with water, effect a 
solution of it, but not completely. The vegetable acids^ 
particularly vinegar, dissolve it entirely, and with more 
facility. Nitric acitl disengages from it nitrogen gas. 

- The caseous matter decomposed by heat aflfoi ds auem- 

O 0 4f 
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pyreumatlc oily anhnonia, and a species of carburetted 1^- 
drogen. A residuum of charcoal is obtained, which, when 
burnt, affords a small quantity of fixed alkali, and also, a^ 
Scheele ascertained, and Lagrange has confirmed, a por* 
tion of phosphate of lime. ^ 

The caseous matter must be admitted as a principle 
diffFering in some respects from any other animal matter. 
It seems most analogous to the albumen, as it is soluble 
in a fluid resembling the serum of the blood, and as it is 
coagulated by heat. In several other of its properties, it 
is analogous to fibtin, and is probably intermediate be* 
tween these. It is the most animalized product of the 
milk, and is undoubtedly that which is most nutritious. 

The distinction must be noticed between this pure 
cheesy matter and that which is formed from the milk 
before the cream is separated. This latter kind of cheese 
is the caseous matter mixed with the butter j and in the 
different kinds of cheese that are prepared for use, the 
qualities depend principally on the proportion of these to 
each other. 

When these two principles, the butter and the cheese, 
have been separated from the milk, there remains a liquor 
mamed the Serum or Whey. The composition of this is 
lastly to be noticed. 

The whey has a yellowish colour and very slight tena¬ 
city : its taste is bland and agreeable. It still contains a 
portion of caseous matter, which is separated by allowing 
it to stsmd in a warm place for some hours : it then be¬ 
comes acescent, the cheese separates in filaments, and, by 
£hratIon^ the whey becomes transparent. 

When this pure whey is subjected to evaporation, it ai* 
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fo^ds^a sulistaiice of a granulated saline appearance^ of a 
\|Bweet taste and a yellowish colour^ which, by solution and 
filtration, yields, on evaporation, a salt of a white colour, 
in rhomboidal crystals. This substance, which is the prin¬ 
cipal solid matter in the whey, is named the Salt or Su¬ 
gar of Milk. In some countries, particularly in Switzer¬ 
land, it^is prepared in considerable quantity. 

This substance is soluble in seven parts of cold and 
{pur of boiling water. It is decomposed by heat, and af¬ 
fords products nearly the same as those yielded by vege¬ 
table saccharine matter.. 

When the sugar of milk Is treated with nitric acid, as¬ 
sisted by a moderate heat, nitrous gas is discharged, the 
solution becomes yellow, and, as it advances, a copious 
deposition of a white matter takes place. The fluid, when 
poured oflF, affords by evaporation crystals of oxalic acid. 

The white matter obtained in this operation is possess¬ 
ed of the properties of an acid. Scheele, who discovered 
it, supposed it to be one of a peculiar kind, and gave it the 
name of Acid of Sugar of Milk. In the new nomencla¬ 
ture, it is named the Saccho-lactic Acid. 

Scheele concluded, that this substance is not formed iu 
the above process, but that the sugar of'milk is a com- 
.pound of it and saccharine matter, and that it is merely 
rendered sensible by the saccharine matter being oxidized 
by the nitric acid. Parmentier and Deyeux accede to 
this opinion. They observe, that in the process in which 
it is obtained, very little of the nitrous acid is decompos-'' 
ed, and that, if the quantity actually decomposed be com¬ 
pared with the quantity of oxalic acid formed, the pro¬ 
portions win be found nearly.the sume as when the oxalic 
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acid is procured by the direct oxygenation of pufe pu* 
gar. And they add the synthetical proof, that when two, 
parts of the saccho-lactic acid are mixed with one of 8ll& 
gar, a compound very similar to the sugar of milk is form¬ 
ed. The opinion, however, as is justly observed by Four- 
croy, appears to accord very ill with what we know of the 
properties of these two substances. 

Saccho>lactic acid is obtained by the process already de¬ 
scribed, in the foun of a white powder, a little granul.jt- 
ed : its taste is slightly sour: it is sparingly soluble in wa¬ 
ter, 60 parts even of boiling water being requisite, accord¬ 
ing to Scheele, to dissolve it: this solution has an acid 
taste, and reddens the vegetable colours : it deposites, on 
cooling, small crystals. At the temperature of 212°, it 
decomposes the alkaline carbonates, disengaging the car¬ 
bonic acid. Exposed to heat in close vessels, it is decom¬ 
posed, the products being an acid liquor, which, on stand¬ 
ing, deposites needle-likc crystals, an empyreumatic dark- 
coloured oil, carbonic acid and carburetted hydrogen gas¬ 
es, and a large residuum of charcoal. 

This acid combines with the different salifiable basest 
forming salts named Saccholates ; but w'e have no know¬ 
ledge of these combinations,except from a few observations 
by Scheele. It forms with potassa a salt soluble in eight 
parts of warm water, which crystallizes on cooling i and 
with soda a salt equally crystallizable, and rather more 
soluble, requiring only five parts for its solution. Both 
these salts are more soluble, from an excess cither of 
the acid or of the base. Saccholate of ammonia is 
very easily decomposed by heat, the ammonia being ex-> 
pelled. The compounds w^th lime, barytes, and magnet 
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are nearly insoluljle *, hence this acid decomposes th<^ 
foluble salts of these earths. It acts feebly on the metals ii 
3hd with their oxides, so far as has been examined, formt 
Salts of sparing solubility. It thus precipitates the nitrates 
of silver, quicksilver, and lead. 

This acid is formed, not only,from sugar of milk, but 
likewise, as has been already remarked (p. 118.), froiri 
gum, by the action of nitric acid : two parts of the acid 
Jhcing slightly heated on one part of gum, until a small 
quantity of nitric oxide and carbonic &cid is disengaged, 
on cooling, the liquid dcposites the saccho-lactic acid ; tho 
quantity, according to Fourcroy and Vauquelin, being 
from 145 to 26 parts from 100 of gum. 

From the quantity of saccharine matter which milk 
coiitains, the whey is susceptible of both the vinous and 
acetous fermentation; and by the Tartar tribes, a vinous 
liquor is actually prepared from mares milk. The pro¬ 
cess has been described by Dr Guthrie The liquor 
however is extremely weak, eight pints of it affording, 
on distillation, only four ounces of alkohol. 

It passes much more readily into the acetous fermen¬ 
tation, or becomes acescent, trom the production of an 
acid, which it now appears is the acetic. Scheele first 
examined this acid, and although he observed an analogy 
to the acetic acid in its properties and combinations, he 
found also some differences between them. He was un¬ 
able to obtain it pure by distillation j for although art 
acid liquor distilled over, this could not be carried far, as 
a decomposition and a deposition of carbonaceous mat^ 


* Edinburgh Fhilosopbical Transactions, v6l. ih 
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ter took place from the heat applied. He supposedf tooy 
that this acid decomposed the acetates. . Hence he re* 
garded it as different from the acetic; and in the ne\f 
nomenclature it received the name of Lactic Acid. From 
the recent researches, however, of Lagrange, and of Four- 
croy and Vau^elin, it is established that this acid is no¬ 
thing more than the acetic, disguised by a portion of 
► • 
extractive matter united with it, and by the saline sub¬ 
stances contained in the whey *. According to the o^. 
servation both of*Thenard and Lagrange, a portion of 
free acetic acid is always contained in milk, and is procur-i 
ed from it by distillation. 

Besides the sugar of milk, which is the principal in¬ 
gredient dissolved in the serum, there are present some 
other saline substances, and which remain dissolved in 
the liquor after its crystallization. These, according to 
the observations of Scheele and Vauquelin, are principally 
muriates of lime, potassa, and soda, with phosphates of 
lime, magnesia, and iron. 

Such, then, is the composition of milk. It consists of 
an oily substance, of the caseous matter, of the peculiar 
substance named sugar of milk, and of a small portion 
of neutral salts dissolved in water. The union of the 
three first, two of which approximate to the nature of 
vegetable, and the third to that of animal matter, renders 
it a ffuid at once nutritive and easy of digestion ; and, as 
Vauquelin has remarked, the presence of the phosphoric 
acid with the lime and iron, fit it well for the formation 
of blood. 


f NichoUoa's Jounifd^ vol. x. p. 2GL 




ITMPH. HDCUI. 


m 


SECT. IV. 

LYMPH. MUCUS, 

The fluid contained in the lymphatic vessels, and^as* 
sing into them either from the extremities of the arterial 
Jbranches, or taken up by absorption from the surface of the 
internal parts of the body, has from its origin been regard¬ 
ed as analogous to the serum of the blood. This, however^ 
is not well established ; it is even probable, that though 
derived from that fluid) it may have undergone some al¬ 
teration, and its properties therefore require to be noticed. 
They are however but imperfectly known, principally 
from the dilHculty of procuring it in a pure state. 

Lymph is pellucid and insipid: it is also said to be slightly 
viscid, miscible with cold water, and coagulated by heat, 
by the acids, and by alkohol. If these properties strictly 
belong to it, it might be regarded principally as a solu¬ 
tion of albumen; but there is some uncertainty whether 
these observations refer to pure lymph or to the serum of 
the blood, from these fluids having been assumed to be 
ultimately the same. 

This fluid frequently undergoes, on the surfaces on 
which it is eflPused, a degree of inspissation, probably 
from its watery part being absorbed ; and it then forms 
what has been named Mucus, which covers the passages 
and internal cavities of the body. This term, it must 
be acknowledged, is rather vague. Mr Hatchet had re¬ 
garded it as similar to gelatin, only that when heated, it 
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lioes not become gelatinous. Dr Bostock has, on the con- 

€ 

trary, applied it to denote a peculiar principle of animal 
matter, existing in what is usually named mucus, as well 
as in a number of the animal fluids. The following are 
its properties, as he has assigned them. It may be ob¬ 
tained solid bjl^evaporation, and is again soluble in wa¬ 
ter,* It is insoluble in alkohol or ether. It neither coa¬ 
gulates, nor becomes gelatinous, when its solution is 
heated.} characters by which it is at once distinguished 
from albumen and gelatin. Neither is it precipitated by 
tannin, or by corrosive muriate of mercury. The acetate 
of lead, or Goulard’s extract, produce a copious white 
precipitate with it, and this forms its most certain test. 
Dr Bostock has remarked its close resemblance in these 
properties to vegetable gum *. 

This principle, when in its liquid state, suffers inspls- 
satibn from exposure to tiie air. The mucus of the nos¬ 
trils, which has been examined by Fourcroy and Vauque- 
hn, appears to be in this state. They observe, that this 
mticus, as it is first secreted, is liquid and clear, a little 
viscid, without smell, and of a taste somewhat saline} it 
becomes thick and viscid from exposure to the air, or to 
a gentle heat; and the residuum which it at length af¬ 
fords by evaporation, affords crystals of 'muriate and 
carbonate of soda, and phosphates of soda and lime. 
From the carbonate of soda it contains, it renders green 
paper stained with the juice of the mallow. It also con¬ 
tains an animal matter not albuminous, but which be*- 
comes quickly thick and concrete from the action of the 


P Nicholson’s Journal, vol, ri. p. 251# vol. xiv. p. 144# 
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oxygen of the atmosphere, or of oxymurlatic acid, and 
acquires opacity and a yellowish or greenish colour. It is 
ffiore or less in this state as it covers the passage of the 
nostrils, from the action of the air, and is completely in¬ 
spissated when a person has been exposed to the vapours 
of oxymurlatic acid. In this inspissate# state, water 
docs not dissolve it, nor can it easily be diluted with that 
fluid eitlicr cold or warm. The acids added in small 
OjUantity thicken it, but in a larger proportion they re¬ 
dissolve it, giving it dilFerent colours. Muriatic acid ap.^ 
pears to effect this solution most easily. The alkaline 
or earthy salts do not dissolve it. It is very little liable 
to putrefaction, when kept even in a humid state. Like 
all the other animal fluids it is subject to alterations from 
morbid affections, which influence its secretion 

Vourcroy and Vauquelin have farther observed, that 
the liquid which forms the tears is nearly the same with 
the nasal mucus. It is clear as water, without'smell, ha«* 
ring a taste somewhat saline and a specifle gravity rather 
greater than that of distilled water. It renders green pa¬ 
per tinged with juice of violet or mallow, a property 
which appears to be owing to tile presence of soda. When 
heated it is inspissated, a change which it suffers also 
quickly from exposure to the air; it becomes viscid, and 
acquires a yellowish or greenish colour. It also affords 
cubic crystals, containing an excess of alkali which alko- 
hol dissolves, leaving the mucus part undissolved. In 
this inspissated state this liquid is also insoluble in water, 
'fhe alkaline solutions which have no effect on the liquid. 


♦ Fpiircroy’s System, voh ix. p* 43?. 
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as it is first secreted, dissolve it after it has sufferefl tl^ 
change, and restore to it its fluidity and transparency* 
The acids exert no action on it at its first discharge, ex* 
cept saturating the free soda: but when it has been in* 
6j)is9ated by exposure to the air, they exhibit with it pcsp 
culiar phenomena. Sulphuric acid disengages carbonic 
and muriatic acid gases, by decomposing the muriate and 
carbonate of soda which it contains. Muriatic and ace¬ 
tic acid produce only a slight eflervesccnce. Oxymuria* 
tic acid causes coagulation, and flocculi are separated, a 
change apparently produced by the communication, of 
oxygen. Alkohol forms also white flocculi in this liquid. 
From the experiments of these chemists it follows, that 
the tears are formed of a large quantity„of water, which 
holds in solution an animal matter not albuminous, as it is 
not coagulated by the acids, and which appears to have 
th# characters of mucus, with which are associated va- 
xloua saline substances,—muriate of soda, pure soda, . 
phosphate of soda, and phosphate of lime. The last, when 
it accumulates, forms the concretions sometimes found in 
the lachrymal glands *. 

I have placed the history of these fluids under one sec¬ 
tion, as they appear to have very strict relations, both 
physiological and chemical, and are probably ultimately 
the same, or at least are so with very slight modifications, 
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SECT. V. 

SALIVA. PANCREATIC FLUID. 

The fluid secreted in the salivary glands is designed to 
promote fhe mastication, and pcrliaps also the farther di- 
^gestion of the food. Its taste is very slightly saline; it 
has also a slight degree of viscidity, in consequence of , 
wl^ch it is frothy, or retains the air entangled in it. It 
does not mix very readily with w'atcr : by trituration it 
may be dlflused through it; but a portion of matter 
which Dr Bostock considers as coagulated albumen, re¬ 
mains undissolvcd. When exposed to the air, a pellicle 
forms on it; it becomes turbid and depositps 11> cculi, 
changes which have been ascribed to oxygcnizemen?(^ it 
, has been said, indeed, to have an unusual tendency to ab¬ 
sorb oxygen ; and hence it has been affirmed, that it pro¬ 
motes greatly the oxidlzement of the metals ; the extinc¬ 
tion of mercury by trituration being much facilitated by 
it, and even gold and silver leaf being oxidized when tri¬ 
turated with it *. This property probably depends on it^ 
mucus. 

. When the liquid formed, by triturating saliva with wa¬ 
ter, is exposed to heat, it is slightly coagulated, and a floc- 
culent precipitate appears. This denotes the presence of al¬ 
bumen. It is also coagulated or inspissated by alkohol, and 
by the stronger acids. The fixed alkalis and the earths 


Ffnircroy’s System, vol. ix. p. 
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cause an ammonlacal odour to exhale from it, by decom* 
posing the ammoniacal salts it contains: the alkalis at the 
same time dissolve it. Lime-water throws down from it 
a precipitate of phosphate of lime; and oxalic acid de¬ 
tects in it the presence of lime in small quantity. The 
metallic solutions, especially the nitrates of lead, mercury 
and silver, render .saliva very tuibid, and cause an abun¬ 
dant precipitate*, partly from their action on the animal 
matter, and partly by decomposing the phosphates and^ 
muriates it contains. Acetate of lead, or Goulard^s ex¬ 
tract, produces a copious precipitate in saliva diluted with 
water and rendered clear by filtration, probably from itj 
action on the mucus which exists in it 

When saliva is evaporated by a gentle heat, cubical 
crystals of niuriate of soda are discoverable in the rcsi- 

•i 

duum, as well as crystals similar to those of niuriate of 

ammonia f. When evaporated to dryness it leaves a re- 

* 

siduum, which swells and inflames on ignited fuel, exhal¬ 
ing a foetid odour, with a smell of prussic acid. Its re¬ 
sidual charcoal, when it is subjected to destructive distiL 
lation, affords considerable quantities of muriate of soda, 
phosphate of soda, and pHbsphate of lime. 

Saliva appears to be a solution, in a very large quanti¬ 
ty of water, of albumen, mucus, and certain saline sub¬ 
stances—compounds of phosphoric and muriatic acids, 
with soda, ammonia, and lime. The proportions are con¬ 
jectured by Dr Bostock to he about 80 of water, 8 of 


* Eostock, Nicholson’s Journal, vol. xiv. p. 247. 
j Fordyce on Digestion, p. 5 % 
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{coagulated albumen, H of mucus, and 1 of the saline 
^ compounds. 

The concretions which are sometimes deposited in the 
excretory ducts of the salivary glands, are stated by Four- 
croy to consist of phospliatc of lime, with animal muci¬ 
lage *, and the incrustation formed on the tooth from the 
saliva,, and known by the name of Tartar of the Teeth, is 
said to be of a similar nature. 

The similarity of tlie Pan.iu’atic Jt'icE, or liquid 
secreted by the pancreas, to tlic saliva, has always beert 
observed by physiologists, but it lias undergone little che¬ 
mical examination. Dr Forclyce, from a small quantity 
of it which he obtained, found it to be liquid and colour- 
les^s, Laving a taste slightly saline. On allowing It to eva¬ 
porate, crystals were deposited, similar to those from tlie 
saliva, and muriatic acid was indicated by the tost of ni¬ 
trate of silver. On evaporation also, a colourless mucus 
Was obtained, w'hich redissolvcd in water, though the 
compound with water, to use Dr Fordyce’s expression, 
is not very diffusible through water *. From these facts 
it appears to be extremely analogous to saliva, and pro¬ 
bably, as physiologists have conjectured, serves the same 
purpose in promoting the digestion of the food. 


* Treutio'? on Digestion, p. 70. 
P p 2 
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SECT. VJ. 

GASTRIC FLUID, 

No fluid presents more singular properties, than that 
Isrhich is secreted by the glands of the stomach, ami 
which is of so much importance in the process of diges¬ 
tion. From its connection with that process, its proper-*' 
ties have been often the subject of investigation, and a 
number of facts with regard to it have been discovered 
by the successive labours of Reaumur, Stevens and Spal¬ 
lanzani. 

The principal difficulty in submitting it to experiment 
is, that of obtaining it pure; for as there is no dpet 
whence it can be collected, it is always liable to be more 
or less mixed with the contents of the stomach. The 
method which Spallanzani employed, was to cause an 
animal to swallow small pieces of sponge, when it had 
fasted so long as that the food might be supposed to have 
been evacuated from the stomach, and after some hours 
withdrawing these bits of sponge, by a string attached 
to them. By pressing them over a glass capsule, the 
gastric fluid which they had imbibed was obtained. It 
may also be collected from the stomach of an animal 
newly killed, and which had previously been kept some 
hours without food i but the quantity that can thus be pro¬ 
cured is not considerable. In the operation of vomiting 
it frequently happens, that after the solid contents of the 
stomach have been discharged, when the vomiting re¬ 
curs, a colourless fluid,- more or less viscid, is brought up, 
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which has been regarded as the gastric juice. Dr For- 
dyce has remarked, however, that he had often examined , 
this liuid, and found it to be water, with a small quanti¬ 
ty of saline matter, and little or no mucilage, and to be 
destitute of one of the moi.}: characteristic properties of 
the gastric fluid, that of coagulating milk. 

The gasjric fluid obtained by Spall,inzani, was, in all the 
orders of animals frem whom he procured it, whether 
gramnivorcjus or carnivorous, similar in appearance and 
physical qualities. If unmixed with any of the food, it 
was clear, or its transparency was at least little inferior to 
that of water. Its taste was alwaj’s somewhat saline, and 
frequently also bitter: this bitterness, as well as a tinge 
of yellow which it sometimes had, being undoubtedly 
owing, as he supposes, to the presence of bile. Some¬ 
times it was procured without any sensible bitterness, and 
its taste was then merely saline. He could not discover 
in it any indication of acidity, except sometimes in ani¬ 
mals feeding on vegetables, and the acidity was then evi¬ 
dently to be ascribed to the intermixture of the food, and 
the changes it had undergone * : it was equally free 
from any alkali. In a fuiihe*r esaminatipn of its proper¬ 
ties, undertaken at the desire of Spallanzani, by Scopoli, 
it was found, when triturated with lime, to emit a foetid 
odour. It precipitated silver In the state of muriate, from 
nitrate of silver: evaporated it gave a solid residuum, de¬ 
liquescent, and having an hnpleasant odour. Subjected 
to destructive distillation, muriate of ammonia was sub¬ 
limed from it j-. 


* Spallanzani's Dissertations, vol. i, p. 327. 
t Ibid. p. 55. 87. 282. 329. 
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To this very imperfect account of the qualities of* the 
• gastric fluid, some facts have been added by Macquart 
and Vauquelin. They obtained it from the stomachs of 
sheep and calves ; they always found in it free phospho¬ 
ric acid and phosphates. A small quantity of albumen 
was separated from it by the action of acids, besides a 
portion of mucus or gelatinous matter 

Spallanzani had observed, that the gastric fluid is little 
liable to putrefaction. Obtained from his own stomach 
by vomiting, he remarks, that “ it did not change colour 
or taste, nor did it acquire any bad smell, though kept 
above a month, in the hottest season of the year j” and 
he observes, that this is a property common to every gas¬ 
tric fluid he had examined f. Nay, he found, that it pre¬ 
vents substances from putrefying, and even that animal 
matter, which had become putrid and offensive, was re- 
coveretf and rendered free from this, by maceration in the 
. gastric fluid, either out of the body or in the stomach of 
ihe animal J. These properties, however, were not ob¬ 
served by Macquart and Vauquelin in the gastric fluids 
they examined ; on the contrary, they became corrupted 
in a few days. The observation of Spallanzani is, how¬ 
ever, confirmed by the experiments of Stevens. 

The most singular property of this fluid, and one which 
is undoubtedly chemical, is its solvent power with regard 
to the food,—a power unequivocally established by the 
multiplied researches of Readmur, Stevens, and Spallani 


♦ Fourcroy’s System, vol. x. p. 11. 
f Dissertations, vol. i. p. 185. 283. 
I Ibid. p. 348, &c. 
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zani. Reaumur inclosed ariiclcs of xlict in metallic tubes 
open at both cuds, whicli he forced animals to cw^llow , 
employing those substances, with regard to each, on 
which they naturally feed. P>y this contrivance he avoid¬ 
ed the action of pressure and trituration, which had been 
fonsidered as the principal c.iuses.of digestion, and expo¬ 
sed the food merely to the action of the gastric fluid. He 
found, that in animals with a membranous stomach, and 
which usually feed on flesh, the inclosed food was dissolv¬ 
ed, more or less completely, according to the time during 
which the tubes were allowed to remain in the stomach ; 
and he hence inferred, that the gastric fluid of these ani¬ 
mals is possessed of a solvent power. He found, how¬ 
ever, that in those animals which have a muscular stomach, 
capable of strong contraction, and therefore of pcrforni- 
in*g the office of trituration, the substances inclosed, 
(grains chiefly on which these animals feed, thougW some¬ 
times also grass, or even flesh), were not at all dissolved y 
and hence he concluded, that in these animals the gastric 
fluid is not a solvent, and that the digestion of the food is 
effected by trituration. Spallanzani rectified this conclu¬ 
sion ; he shewed, that the triduration is necessary only to 
bruise the food, and thus prepare it for the action of the 
gastric fluid, and that when previously bruised, or wdien 
from any other preparation it is in a soft or humid state, 
and inclosed in tubes, it is dissolved by these being allow¬ 
ed to remain in the st^'inach*. He further found with 
Reaumur, that in animals with a membranous tstomach, 
(he solution of the food inclosed in tubes, takes place very 


* Dissertations, vol. i. p. 35. 
Pp 
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readily And what is still more decisive with regard to 
, the solvent power of the gastric fluid, he found, that the 
different substaiuics used as food, both flesh, bread, grain, 
and grass, submitted to its action out of the body, at a 
temperature not higher than that of animals, were dissolv¬ 
ed i'. It appears from his researches, that in animals 
with a membranous stomach, the solvent power is great¬ 
er than in those with a muscular stomach, by the exertion 
of which the food is bruised ; :ind in some of the former, 
ill the dog, for example, or the eagle, the solvent power 
is very considerable, the hardest bone inclosed in tubes 
^jeing speedily dissolved. 

With the experiments of Spallanzani those of Stevens 
in general agree if. Availing himself of a man who had 
the power of swallowing hard substances without injury, 
he gave to him almost all the articles of food, vegetable 
or aniiflal, inclosed separately in hollow spheres of silver^ 
perforated with a number of holes, and found, that when 
«thus introduced intp the stomach, they were speedily dis¬ 
solved. 'And continuing his experiments on animals, he 
established nearly the same results as Spallanzani had 
done. He found too, that the gastric fluid out of the bo¬ 
dy exerts its solvent power. Half an ounce of the gastric 
juice of a dog was put into a phial with twelve grains of 
roasted beef, and the same quantity of the san^s beef was 
put into another phial with water. Both were exposed 

a temperature of from 102 to 104< ; <in eight hours, the 


♦ Dissertations, vol. i. p. 69, 70. lOS. 258, 
t Ibid. p. 93. no. 

I pisaertatio lnaugur^S 9 .£din. 1777« 
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beef jn the gastric fluid was completely dissolved, while 
that in the water was not sensibly altered : in twenty-four 

t 

hours, the latter was putrid, while the former had merely 
a pungent odour, probably from a slight scorching from 
the heat. When the experiment was repeated with flesh 
masticated, the solution was sooner completed ; and in a 
similar manner, many 5ther substances, both animal and 
vegetable, were dissolved. 

* In one point, the experiments of these physiologists do 
not perfectly correspond. Stevens found, that those kinds 
of food on which animals do not naturally feed are not 
d^sol\^d when introduced in these balls into the stomach; 
^hat if tubes or balls, for example, containing flesh, fish, 
grass, or herbs, be introduced into the stomach of a sheep, 
the latter are completely dissolved, while the former are 
not altered. The experiment was repeated on the ox with 
a similar result; and hence it appears, that in thofe ani¬ 
mals which usually feed on vegetables, animal food is not 
dissolved’ by the gastric fluid, Spallanzani, however, ob¬ 
tained a result somewhat different; in animals which feed 
principally on grain, as ducks, hens, and turkeys, flesh 
introduced in tubes into the 'Itomach being dissolved % 
while in those which feed usually on flesh, as the crow, 
farinaceous grains, previously bruised and introduced in 
tubes, were likewise dissolved f. These animals, how¬ 
ever, do not seem naturally much limited to one kind of 
food, but can subsist on very different substances. An4 


* Dissertations, vol. i. p. 36. 
•\ Ibid* p. 65. 



GASTRIC FLUID. 


eo2 

it is admitted by Spallanzani, that some species, as birds 
of prey, are incapable of digesting vegetables *, It there¬ 
fore rather appears, that the solvent power of the gastric 
fluid is in a great measure limited to the kind of food on 
which the animal naturally subsists, though the stomach 
is undoubtedly capable of in some measure adapting itself 
to the food received, so that the animal can at Icngtli be 
brought to be nourished by, and even to relish, substances 
|he most opposite to those on which it naturally feeds. In 
those animals which feed both on vegetable and animal 
matter, as in man, both are dissolved by the gastric juice. 

The solvent power of the gastric fluid is very well 

• 

shown by its action on the stomach itself} it frequently 
happening, that an erosion, or even a solution of the de¬ 
pending part of the stomach, is discoverable after death, 
as Mr Hunter first pointed out f. And np fact better 
shows, Kovf far the presence of vitality suspends or coun¬ 
teracts the usual chemical powers, since, during life, the 
stomach does not suiFer from the action of this fluid. 
Stevens has however stated some facts to prove, that this 
is to be understood |arith some limitation, and that ani¬ 
mals, even while alive, arei' in some cases subject to the 
process of digestion J. 

These facts with regard to the solvent power of the 
gastric fluid are truly singular: they are such as could 
by no means be inferred from any quality that fluid is 

/ 

* Dissertations, voL i. p. 217. 288. 
f Philosophical Transactions, vol. Izii. p. 447* 

% Pilsertatio Inauguralis, p. 58^ 
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known to possess, or from any other chemical agency It 
appears to be capable of exerting ; they admit, therefore, 
of no explanation, and, in our present imperfect knowledge 
of its nature, must be received merely as ultimate facts. 


Si:CT. VII. 

OF BILE. BILIARY CALCULI. 

Bile is a fluid secreted by the liver from the venouB 
blood which has circulated through the abdominal viscera: 
it enters the intestines, and appears designed to serve some 
important purpose, from the large quantity of it secreted. 
It has generally been considered as an assisting agent in 
the process of digestion, or at least in the formation of 
chyle ; and, in support of the latter conclusion, the fact 
has been generally stated, that no traces of the chyle are 
to be discovered previous to the intermixture of the bile 
with the digested food. It is no argument against this 
opinion, that the bile cannot Be discovered by any of its 
properties in the chyle ; for these may be changed by the 
combination, or some of its principles only may enter in* 
to the composition of that fluid, while others may be and 
undoubtedly are discharged as excrementitious. The sin¬ 
gularity deserves to be remaiked, that it is formed from 
venous blood, while the other secretions appear always to 
take their origin from arterial blood. This deviation, per¬ 
formed too by a particular apparatus, would lead to the 
conjecture, that a large proportion of carbon necessary 



€04 


OF BILE, &C. 


to its constitution; and it will accordingly appear from 
its analysis, that its principal solid ingredient is highly in- 

f 

flammable, and is very similar in its properties to the ve¬ 
getable resins, in the composition of which we know car¬ 
bon and hydrogen predominate. Fourcroy has even sup¬ 
posed, that that portion of it which is excrementitious is 
designed to convey an excess of hydrogen*, and we may 
add, perhaps, of carbon, from the system j and under this 
point of vifew, which is not improbable, it may be regard- . 
cd as subordinate to respiration, and as freeing the blood 
from principles which could not, without inconvenience, 
be fully abstracted by the action of the air. 

The bile, when first secreted, is perfectly liquid, and, 
in this state, a portion of it con!y:jntly flows into the upper 
part of the intestinal canal. But in many animals,-there 
is also a particular reservoir, the gall-bladder, into which 
a quantity is received, which from absorption becomes 
more thick, and which occasionally flows into the intes¬ 
tines. The qualities of the bile do not seem to be other¬ 
wise much altered in this organ, and its inferior import¬ 
ance is sufficiently demonstrated by the fact, that in many 
even of the more perfect animals it is altogether wanting; 
It is this cystic bile, however, as it is named, or bile col¬ 
lected in the gall-bladder, that has been generally examin¬ 
ed, as it is that which is most easily procured. 

• It has always a certain degree of tenacity, more or less 
according to the time during which it has been retained 
in the gall-bladder, and, no doubt, also according to the 
energy of absorption. It feels unctuous, or rather soapy : 
its specific gravity is rather greater than that of water: its 
f olour Is green, with more or less of a yellow shade, and, 
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in some animals, is nearly pure yellow; its odour is faint, 
and rather ^aromatic : its taste is extremely bitter, this bit¬ 
terness being strong even in its most dilute state, and be¬ 
coming intense when the bile, from stagnation, is thick 
and viscid. 

Bile, from its obvious importance in the living system, 
has often been submitted to chemical examination, and a 
number of important facts with regard to it are now as¬ 
certained. For these we have been principally indebted 
to a series of experiments by Cadet'*' and by Ramsay 

Bile left exposed to the atmosphere at a moderately 
warm temperature, soon suffers spontaneous decomposi¬ 
tion i it emus a foetid odour, and seems to pass into a 
state of putrefaction. 

When exposed to a gentle heat, a large quantity of 
water, about 90 parts from 100, pass over; this water 
has the odour of the bile, but not its taste. The residual 
matter is thick and tenacious, of a dark brown colour, 
deliquescent and readily soluble in water j when kept for 
some time, it acquires a peculiar smell similar to that of 
ambergrise or mutk : bile itself, too, acquires this smell 
on being kept, and communidates it to the water distilled 
from it. When the cx.tract of bile, as the substance 
which 'is obtained by evaporation of the watery part is 
named, is exposed to a heat gradually raised, it is decom¬ 
posed 5 a portion of water having a foetid odour, and con¬ 
taining sulphuretted hydrogen, distils over; a liquid next 
passes, brown and very foetid, and containing carbonate 


* Memoires de I’Acad. des Sciences, 1767. 
t Ditsertatio Inaugui*alis« £dia. 1757. 


606 


OF BILE, &<?. 


and acetate of ammonia; this is succeeded bjr an btl| at 
first thin and light, but which soon becomes thick, browrr^ 
and empyreumatic; more carbonate of ammonia sublimes, 
and there passes over a large quantity of clastic fluid, con*- 
sisting of carbonic acid, carburetted and sulphuretted hy- 
drogen gases. There remains a black spongy charcoal, 
which^urns easily, and which, when kft exposed,to the 

e « 

air, affords an efflorescence of carbonate of soda. Ky 
incineration, there is obtaified from it carbonate of sod.?, 
amounting to nearly half its weight, with a little muriate 
of soda, and some traces of iron *, and, according to Four- 
croy, phosphate of soda and phosphate of lime. The dry 
matter obtained by the evaporation in this experiment 
takes fire if heated under free exposure to the air, and 
yields the same salts after the combustion, and, accord¬ 
ing to Thenard, a small portion of sulphate of soda. 

Bile mixes readily with water in every proportion, and 
even in its inspissated state is readily dissolved by it. The 
solution changes the colour of violet, or mallow, to a 
green, indicating the presence of a free alkali. 

The acids decompose bile. If a few drops of acid be 
added, little or no precipitation is occasioned, but a liquor 
of a reddish tint is obtained. If more acid, however, be 
added, a copious precipitate is formed of a greetiish co¬ 
lour, especially when thrown down by muriatic acid; af¬ 
ter some’lhouTs, as Cadet observed, much of this coagu- 
lum disappears, and there remains on the filtre a sub¬ 
stance with a slight greenish tinge, and which, as is im¬ 
mediately to be observed, is very similar in its properties 


* Cadet, Memoires de FAcad, des Sciences, 1767> p- S5L 
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to aU>ttmen. The liquor obtained clear by filtration, has 
an extremely bitter taste ; when evaporated, it deposites ^ 
flakes, tenacious and inflammable, mehing and burning 
when kindled, with much smoke like a resin, and solu¬ 
ble in alkohol. Tlie liquor poured oflF from this precipi¬ 
tate contains soda, as it affords, by evaporation, the salt 
formed by the union of soda \lith the acid that l^s been 
employed in the experiment *. 

, These phenomena are best produced by the muriatic 
acid; the other acids produce effects in some measure 
peculiar. Concentrated sulphuric acid separates from it 
dense flocculi, and gives it a deep colour; diluted sul> 
phuric acid renderi it intensely green. Muriatic acid al¬ 
so precipitates it of a green colour, which from heat as¬ 
sumes a violet tinge. Nitric acid precipitates it green In 
the cold, but, when heated, assumes a red, and ultimate¬ 
ly a grey colour *, by evaporation it assumes a golden yel¬ 
low colour, and the bile is converted partly into oxalic 
and prussic ac'ds. Oxymuriatic acid whitens it and ren- 
dfers it turbid, by coagulating its albumen, and at the same 
time it converts its resin into a white fatty substance +. 

The action of alkoliol on •bile affords results which 
point out still more clearly the nature of its immediate 
principles. When the alkohol is poured upon it, a coa- 
gulum is immediately formed, which floats in a liquid of 
a green colour. When this is separated by filtration, 
there remains on the fibre a white viscid substance, hav¬ 
ing scarcely any bitter taste and very putrescible, ap¬ 
proaching therefore closely in its properties to albumen. 


* Cadet, Memoires de I’Ac^. des Science*, 1767, p. S40i 
t Fourcroy, ibid. 17S9, p. 315. 
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and which has hence received the name of the Albiunett 
of Bile. It can likewise be separated, though imperfect¬ 
ly, by heat, bile becoming jthick when its temperature 
is raised to 170°, independent of any evaporation; and 
it is it, as has already been remarked, which forms the 
basis of the coagulum separated by the acids. 

. wlln the filtered liquor obtained in the coagulation 

j • 

of bile by alkohol is examined, it is found to retain the 
green colour and the very bitter taste of the bile itself. 
Being evaporated, it affords a concrete substance inflam¬ 
mable, fusible at soluble again in alkohol, and pre¬ 

cipitated by the affusion of water *. From these proper¬ 
ties, in which it approaches closely to the vegetable re¬ 
sins, it has been named the Resin of the Bile, and it ap¬ 
pears to be the principle in which the odour, taste, and 

« 

probably the most important properties of the bile reside. 
As it exists in the bile in combination wiih an alkali, some 
chemists have considered it as an oily principle, but re« 
sins are equally capable of combining with alkalis, and as 
this substance can be obtained solid without being unc¬ 
tuous, while it has also the pitchy tenacity and lustre, it 
approaches nearest in its dliaracters to resin. 

Besides these principles, Cadet observed, that there ex¬ 
ists in the bile a kind of saccharine matter, which ap¬ 
proached in its properties to the sugar of milk. . He re¬ 
marks, that Verheyen had alluded to the saccharine taste 
which is found in the bile when it has thickened by eva¬ 
poration, and again dissolved in water *, but the principle 
on which this depends, had not been discovered prior te 


' * Saunders on ihf Liver, p. 110. 
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liiB leBearches. He recognised it in difl«rent experi¬ 
ments. Thus, when bile was decomposed by muriatic 
acid, and the muriate of soda obtained by evaporation of 
the residual pure liquor, he found among the crystals of 
this salt, another matter in trapezoidal crystals, in which 
he observed the resemblance in taste to sugar o^^ilk. 
And he also procured it by decomposing bile by nitric 
acid ; it remains in the residual liquor when the coagu- 
%]um has been separated, united with a portion of the oily 
or resinous matter ; on saturating this liquor with an a- 
cid, this saccharine salt, as Cadet regards it, is precipi¬ 
tated, the alkali attracting the acid and the oily matter. 
It has been more lately investigated by Thenard *. Ort 
pouring into bile sub-acetate of lead, that is, acetate of 
lead boiled with about one-sixth of its weight of litharge, 
the whole of the albumen and oil (or resin) were precipi¬ 
tated ; the liquor being filtered, the sub-acetate of lead 
was decomposed and separated from it by sulphuretted 
• hydrogen ; and by evaporation of the liquid after this o- 
peration, a substance was obtained, the flavour of which 
was at once saccharine and acrid. It being supposed to 
be still combined with saline matter from the bile, it was 
again precipitated by sub-acetate of lead ; the precipi¬ 
tate, as it is expressed, was dissolved in vinegar to free it 
from the sulphuretted hydrogen, (implying probably, 
though this is not stated, that the combination of it with 
the salt of lead had been decomposed by this re^agent) : 
it was then filtered and again evaporated. Thus obtain¬ 
ed, as Thenard conceived, in a state of purity, he found 


* Nlcbolsori*3 Journal, vol. xii. p. 270, 
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it to be soluble in water and in alkohol; not precipitated 
by common acetate of lead, but by the sub-acetate: it 
does not ferment with yeast, gives no ammonia by distil* 
lation, and is not affected by the infusion of galls. 

Its most important property is that of dissolving the 
resln<^s, or, as Thcnard calls it, the oily matter of the 
bile. This matter had always been supposed to be dis¬ 
solved by the alkali which experiments proved the bile to 
contain, and from which the saponaceous quality of this , 
fluid was supposed to be derived. But, according to 
Thenard, the quantity of alkali is not sufficient for this 
purpose *, on the other hand, the saccharine matter alone 
would also be insufficient, as it only renders soluble about 
three-fourths of its weight of the resinous matter, while 
in the bile their weights are about equal; he supposes, 

I * 

therefore, that the resinous matter, saccharine substance, 
and soda, form a ternary soluble combination, which, 
with a little albumen and certain salts, constitute the 
bile. 

The saline substances which the bile contains, are, be¬ 
sides the soda, the existence of which has been already 
stated, muriate, sulphate,* and phosphate of soda, phos¬ 
phate of lime, and oxide of iron; and he gives the fol¬ 
lowing as the proportions of the immediate principles of 
this fluid* 

Water, 700 parts. 

Oily or resinous matter, 43 

Saccharine substance, 41 

Animal substance or albumen, 4 

, 788 p^tSr 
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7^8 parts. 

Soda, 

4 ■' 

Muriate of soda. 

3.2 

, 

Sulphate of soda, 

0.8 

Phosphate of soda. 

2 

.——.— lime, 

1.2 

Oxide of iron, 

• 

0.5 

9 

799.7 parts- 


Dr Saunders, however, it is to be remarked, could not de* 
tect muriate of soda in the bile by the test of nitrate of 
silver *, 

Scarcely any thing is known with regard to the-varie¬ 
ties of the bile in different animals : that of fishes is said 
to be less bitter than that of quadrupeds, and of a deep 
green colour. There is every reason to believe, that it is 
subject to considerable alteration from morbid secretion. 


THfiRfrare frequently formed in the gall bladder small 
concretions, derived, no doubt, from the changes the bile 
suffers while it remsuns in that organ. Tiiese have been 
niuned^SiUary Calculi; and have been repeatedly sub¬ 
jects of i^iemical investigation. They are not altogether 
uniform in their appearaince; but vary in their colour, 
texture, and hardness, and in their chemical characters* 


Saunders oti the Liver, p. 1<J7^ 
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The most common kind are of a lamellated structurey 
or composed of a substance having much resenfblance to 
the animal fat named Spermaceti^ disposed in crystalline 
laminae. This peculiar matter appears first to have been 
taken notice of by Poulletier de la Salle. He founds that 
tvhen |he8e calculi were digested in alkohol, the liquid, on 
cooling, deposited brilliant crystalline flakes. Fourcroy, 
examining this matter *, found, that it had a close resem¬ 
blance in its properties to that species of animal fat which 
he has distinguished by the name of Adipocire, and of 
which spermaceti, as well as the fatty matter formed from 
animal substances under certain circumstances, are varie¬ 
ties. The characters of this substance are sufficiently 
precise. It melts, but requires a heat superior to that of 
boiling water: in fusion, it has a ismell like wax, and on 
cooling, , forms a substance which breaks into crystalline 
laminae. It is not soluble in alkobol in the cold ^ but when 
the alkohol is boiled on it> it is dissolved in a proportion, 
according to Fourcroy, of one part in nineteen,—accord¬ 
ing to Dr Bostock, one in durty f. The solution, when 
it cools, depoSites light brilliant scales. It is alw soluble 
in ether iri the Cold, and more abundantly if the ether be 
heated.. Oil of turpentine dissolves in general biliary cal¬ 
culi |l and aecordihg to Gren, st dissolves those which con- 
sut almost entirely of this peculiar matter) yetrStt Bos¬ 
tock has lemarked, that oil of turpentine-acts cm it with 
difficulty^ and, even when digested with it at a boiHng 
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heati dissolves it in a small degree only. Pure soda and 
potassa dissolve it completely, and reduce it to a sapona¬ 
ceous state. Ammonia, as Dr Bostock has remarked, ex- 

t 

«rts little action on it, except when boiling. Nitric acid, 

*dissolves it, and, according to Fourcroy, converts it into 

a Species of liquid similar to the oil of camphor. This, 

as Dr Bostock has remarked, becomes concrete, but with- 
* 

out any crystalline structure, and is more soluble in ether 
and the alkalis than the original matter. 

This substance, Fourcroy has observed, is contained in 
greater or less quantity in nearly all the human biliary 
calculi, more or less intermixed with other matter, but 
still so far predominant as to form their basis. Hence 
they partake of its properties % are fusible,,inflammable, 
and more or less soluble in the re-agents which dissolve 
it. Their texture is laminated or radiated : some are 
found in which it is nearly pure, and which consist of 
layers, soft and brilliant; in others, it is intermixed witli 
a yellowish or greenish matter, probably inspissated bile $ 
and in some, this matter is in so large a proportion, that 
the adipocire is disguised, and is discovered only by its 
deposition, when the calculus has been dissolved by hot 
alkohol; and often the calculus consists of layers, .which, 
from their colour, appear to consist of these principles in 
different proportions. It is not improbable, that this pe¬ 
culiar matter is formed by changes which take place in die 
<nly or resinous principle of the bile. 

Other calculi are sometimes found, particularly in the 
<|(all-bladdcr of quadrupeds, which have been supposed to 
Conrist chiefly of inspissated bile : they, are granulated, 
ittegular, and various in thejr consistence and form. It 
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is to be remarked, however, that though this kind of mat¬ 
ter, forming the basis of these, and more or less mixed 
with the adipocire in other biliary calculi, may be deriv¬ 
ed from inspissation of the bile, yet it must have under¬ 
gone-some farther change; for, as Dr Bostock has remark-*- 
ed, it is nearly insoluble both in boiling water and in al- 
kohol. 

To point out the distinctions among all these calculi 
from their mechanical structure, is foreign to their che¬ 
mical history. 


SECT. VUl. 

I 

URINE. UREE. URIC ACID, URINARY CALCULI. 

The fluid, secreted by the kidneys, is excrementitious, 
or is designed to convey from the body matter which, if 
retained, might prove injurious. It contains more saline 
substances than any other secretion, mixed, however, 
with other animal principles, which give it appropriate 
characters. Some of these are even peculiar to it; and 
hence its chemical history is of much importance, and has 
been the subject of many laborious investigations. To 
these we owe the discovery of phosphorus, which was 
first obtained from this fluid; and more lately, the dis¬ 
coveries of the principle named Uree, and of the Uric ' 
Acid. Margraaf began the scientific investigation of its 
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coniposition. Some facts were discovered by Rouelle *. 
Scheele discovered the uric acid, a'nd pointed out the ex¬ 
istence of some other principles f, Cruickshank added a 
number of important facts on the modes of atialysis^ point¬ 
ed out more clearly the principles existing in urine, both 
in a healthy and a morbid state, and distinguished the pe¬ 
culiar animal matter which it contains The nature of 
this principle, and its p'^cullar characters, were more am¬ 
ply developed by Fourcroy and Vauquelin ; and a very 
full view has been given of the chemical history of urine, 
in two memoirs by these chemists ||. 

The colour of urine, when it is newly discharged, is 
a pale yellow : its odour is peculiar, but not strong nor 
foetid, such as it becomes when it has stood for some 
time: it» consistence and spcciHc gravity are rather great- 
cr than those of water : it is perfectly transparent, but be¬ 
comes more or less turbid as it cools. These qualities, 
however, are always liable to variation, according to the 
length of time it has remained in the bladder after having 
been secreted, and according to the diet, the quantity of 
drink, and other circumstances which influence the secre¬ 
tion. *. 

Urine, examined when immediately discharged, is in 
general sensibly acid, and reddens the infusion of litmus. 
This acidity it owes to the presence of phosphoric acid, of 
■ b e n eoic acid, and of an acid peculiar to urine and urinary 


* Journal dc Medicine, 1773* 
f Chemical Essays. 

^ Hollo on Diabetes, 2d Edit. 
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calculi, and hence named Lithic or Unc Acid. But. in a 

very short time, from’ the spontaneous decomposition of 

a principle contained in it, that named Uree, a quan> 

tity of ammonia is evolved, which not only neutralizes 

these acids, but renders the urine alkaline. Previous to. 

this, however, and as the urine cools, it deposites, unless 

it has been in a very dilute state, part of the uric acid 

which it contains, in minute crystals of a reddish colour, 

and in some states of the system this deposition is even 

abundant, forming principally what is named the Lateri- 

tious Sediment. The deposition of this, however, is 

soon interrupted, from the evolution of ammonia, which 

neutralizes ih ; urate of ammonia is deposited ; the free 

phosphoric acid is likewise saturated; the proportion of 

phosphate of ammonia is thus increased, and the neutral 

« 

phosphates of lime and of magnesia, which were retained 
in solution by the free acid, are deposited, the latter at« 
tracting a portion of ammonia, so as to form a triple phos¬ 
phate of ammonia and magnesia. The benzoic acid pas¬ 
ses to the state of benzoate of ammonia. As the decom¬ 
position proceeds, the ammoniacal odour becomes strong, 
and at length the urine is.highly alkaline, from the pre¬ 
sence of carbonate of ammonia, so as to change the ve¬ 
getable colours to a green, and even to effervesce with 
acids. In ths state it likewise, according to Fourcroy 
t»nd Vauquelin, contains, neutralized by ammonia, a por*- 
tion of acetic acid, derived, as well as the ammonia and 
the carbonic acid, from the decomposition pf the uree. 
If kept until the whole of this uree has been decom^os'\ 
ed, there may be obtained from it, by evaporation, its 
remaining salts, which are ^principally phosphates and 
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mumtes, with bases of ammonia, soda, magnesia, and 
lime. During the progress of this spontaneous decompo¬ 
sition too, a mucous or albuminous animal matter is also 

f 

deposited in docculi, at Erst very light and of a pale co- 
JouT, but becoming more dense and dark; and in some 
states of the urine, the proportion of this is even greater 
than of saline matter: Sometimes the ammoniacal pun¬ 
gency is much IcvSS strong, or is scarcely apparent, and a 
mouldiness or acescency rather marks the decomposition. 

The acid contained in recent urine in a free state, is 
principally tlie one denominated Lithic or Uric, and which 
though present in very variable quantities, is contained 
more or less in all urine. Even when it is not spontane¬ 
ously deposited, it may be detected by its tests, particu¬ 
larly by the pink colour which it gives with nitric acid; 
it is often made to precipitate, by concentrating the urine 
by evaporation, or it may be thrown down by the addi¬ 
tion of an acid. With uric acid, there is almost always 
present a portion of free phosphoric acid, which is, how¬ 
ever, soon saturated by the evolution of ammonia. A 
small portion of benzoic acid is also usually present, as 
Scheele discovered; and in the urine of children, as well 
as that of horses and cows, it is often contained in consi¬ 
derable quantity *, in which case the other acids pxist in 
smaller proportion, and the uree appears also to be defi- 
Hence, by mere evaporation of the urine, and the 
application of a sufficient heat to the residual matter, the 
benzoic acid is sublimed. It !s also precipitated when 
/iuriatic acid is drop into the urine, evaporated to the 
fonsi^tence of syrup. 
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When urine is exposed to a gentle heat, water, holding 
carbonate of ammonia in solution, is evaporated; the pro* 
portion of which increases, as the evaporation proceeds. 
T'he liquid becomes turbid, darker in its colour, and 
stronger in its odour; and a flocculent matter, with a 
whitish powder, are precipitated : the former being sup¬ 
posed, by Fourcroy and Vauquelin, to be albumen, the 
latter being phosphate of lime and unc acid. When re¬ 
duced to the consistence of thin syrup, if put aside, it 
passes to the state of a confusedly crystallized mass. If 
the liquor poured from this be again evaporated, this is 
repeated ; and in this way several successive forinations 
of crystals, irregular, and of a brownish colour, take place, 
leaving at length a liquor, deep coloured and of a thick 

consistence, in which the uree exists in a state of solu- 

• 

tion. 

The saline matter obtained from urine by evapora¬ 
tion, has long been a subject of chemical investigation: 
it was known to the alchemists, and it engaged the atten¬ 
tion successively of Margraaf, Pot, Rouelle, and Scheele. 
It had received the absurd name of Microcosmic Salt, 
and, from its fusibility, ha^ also been named Fusible Salt 
of Urine. It was known to afford phosphorus by distil¬ 
lation. . Margraaf recognised in it the presence of muri¬ 
ate of soda and phosphate of ammonia, and likewise the 
phosphate of soda; without, however, being fully acqUiiisrt* 
cd with the nature of this last salt; he observed too, that 
it is the phosphate of ammonia alone which affords phos- 
phorus, in the usual process of obtaining it from urine'^ft 
Rouelle distinguished more clearly the phosphates of am¬ 
monia and soda, an4 described the methods of separating 
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and purifying them. He announced also the presence of 
muriate of potassa, which had been before confouiukd 
with the muriate of soda, and which, it now appears, is 
present even in larger quantity than'that salt. He suppos¬ 
ed, that he had likewise extracted sulphate of soda j but as 
this has not been found by other chemists, there is reason 
to believe that he had been deceived, and had mistaken 
for it the phosphate of soda, or, as Fourcroy has observed, 
the triple phosphate of Ammonia and magnesia. The sul¬ 
phate of lime, w'hich he also supposed he had discovered 
in this saline mass, it appears from the subsequent disco¬ 
very of Scheele, is phosphate of lime. Fourcroy and 
Vauquelin have since discovered the phosphate of magne¬ 
sia. These salts then,—the phosphate of soda, the phos¬ 
phate of ammonia, phosphate of magnesia, phosphate of 

% 

lime, muriate of soda, muriate of potassa, muriate of am¬ 
monia, and the triple compounds of phosphate of soda 
and ammonia, and phosphate of magnesia and ammonia, 
with a portion of uric acid, more or less saturated with am¬ 
monia, and urec, compose the crystallized mass obtained by 
the evaporation of urine. They exert, it is to be remarked, 

a 

mutual affinities, in consequence of which their perfect 
separation is difficult, and they even modify their respec¬ 
tive properties : the muriate of soda, for example, in cry¬ 
stallizing, takes the form of an octaedron, and not, as 
^hen pure, that of a cube 5 and the muriate of ammonia, 
instead of appearing under its usual form of a prism, crys¬ 
tallizes in cubes. These modifications, according to Four¬ 
ty and Vauquelin, are owing principally to the action 
of the uree on the saline matter. It is also to be observ¬ 
ed, that all these salts do not* pre-exist in the urine; those 



€S0 . 


URIKTE. 


containing ammonia derive this alkali principally from its 
formation during the evaporation. 

It is difficult to determine the proportions of these to 
each other, as they are liable to considerable variation 
from the circumstances influencing the secretion. Mi 
Cruickshank, in his analysis of urine, undertaken in the 
course of Dr Rollo*s investigation of the nature of dia¬ 
betes, has given the most precise information on this 
point, and indeed the most valuable information we have 
with regard to the analysis of urine *. “ By evaporation, 
36 oz. yield a residuum, varying from one ounce to one 
and a half} this consists of the muriates of potash and 
soda, the phosphates of soda, lime, and ammonia, the 
phosphoric and lithic acids, with animal extractive mat¬ 
ter. Their relative proportions in a healthy state may^ be 
nearly as follows: 



oz. 

dr. gr. 

Muriatic salts. 

0 

1 0 

Phosphoric salts," 

0 

3 50 

Lithic acid and phosphate of lime. 



with excess of acid, 

0 

0 25 

Animal extractive matter, (uree). 

0 

3 40 


« The neutral salts, when purified by crystallization, 
are generally very fusible; but this circumstance varies 
much, according to the greater or less proportion of pbos—^ 
phoric salts, more particularly the phosphate of ammonia, 
on which their fusibility in a great measure depends : in- 
ftead of melting, this saline matter sometimes decrepitatH> 
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” when saddenly heated, owing to an excess of the muri¬ 
atic salts : of these last it may be observed, that the mu¬ 
riate of potash is in general the mos^revalent, and is ea¬ 
sily distinguished from the muriate of soda, by its crystal¬ 
lizing in some degree by cooling, and by its affording 
cream of tartar on the addition of acid of tartar. 

** In recent urine, the ammoniacal salts bear a very small 
proportion *, but when it has become stale or putrid, they 
are much more abundatit. The phosphate of ammonia is 
the principal, although we have likewise met with the 
muriate of ammonia. 

** The lithic acid and phosphate of lime are generally 
deposited, at least in a great measure, after the urine has 
become cold, and stood for some time ; the quantity of 
the first varies exceedingly, but that of the last we have 
found, for the most part, nearly the same, the proportion 
being about one grain to two ounces. 

** These substances may be easily distinguished, by dis¬ 
solving them in twice their weight of nitrous acid, dilut¬ 
ed with a little water, and evaporating to dryness : the 
dry mass, when hot, will assume a beautiful deep rose or 
crimson colour, when the lithic acid is present, but will 
continue white if heated even to redness, or have only a 
slightly greenish tinge when there is nothing but phos¬ 
phate of lime. Their relative proportions may be ascer- 
'tiiiiiLiiijy exposing the mixed mass for some time to a red 
heat in a crucible ; in which case, the lithic acid will ei¬ 
ther bum out or evaporate, leaving the phosphate in a 
p^e state. 

The quantity of extractive matter is mere variable 
titan that of any other substance j hysterical, or crude 
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urine'(as it has been called), containing hardly any, while 
» 

that of concoction abounds with it^^* 

If the entire mass of urine be at once evaporated, and 

I 

the solid matter be urged by a strong heat, it affords very 
foetid carbonate of ammonia in large quantity, with a lit-* 
tie prussiate of ammonia, an empyreumatic oil, gases 
composed principally of carbon and hydrogen : muriate of 
ammonia is also sublimed; and towards the end of the 
process, if the heat be raised hi^h, a small quantity of 
phosphorus distils over, produced by the decompo^tion 
of the phosphoric acid In the phosphate of ammonia. It 
was by this method that phosphorus was procured by 
Kunckel and Boyle. The coal which remains at the end 
of the process contains the salts which have not b^en de¬ 
composed,—muriate of soda, and phosphates of soda and 
lime. 

The action of different re-agents on urine is instructive, 
as leading at once to a knowledge of a nuibber of the 
principles which exist in it, some of which could not 
otherwise be easily recognised. The principal accurate 
observations on the effects of these are those of Scheele, 
Cruickshank, Fourcroy, and Vauquelin. 

The greater number of the acids in general produce 
little sensible effect upon it in the healdiy state. The oxa¬ 
lic acid only gives a precipitate, by combining with the 
lime of the super-phosphate of lime which reccnr wwu- * 
contains. If it contain benRoic acid, the muriatic acid is 
said to precipitate it* If it be much loaded with uree, ni* 
trie acid throry down a scaly precipitate of a pearly lu^> 
tre. And, in certain morbid stafCes, as in dropsy, the 
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sid^ometlmcs occasion a mllkinessi or even a coagul^ 
tion of the urine, from albumen being contained in it. 

The fixed alkalis, added to urine, throw down a slight 
precipitate, whidi*is phosphate of the alkali satura- 
rf/ing the excess of plia^horic apid by which this was kept 
dissolved. About 2 graAs, according to Ciuickshank, are 
obtained from 4 ounc^ urine. The watery solutions' 
of lime,"barytes, and krontites, produce still more copi-, 
ous precipitates, as the ^lalts they form with the phospho¬ 
ric acid, with which they unite, are insoluble. The fix- ■ 
ed alkalis and lime disengage at the same time an ammo- 
niacal odour, by decomposing the phosphate of ammo¬ 
nia, and partly, perhaps, by causing a formation of am¬ 
monia from the elements of the uree. 

The nitrates and muriates of barytes, strontites, and 
lime, form precipitates, by decomposing the phosphates 
contained in urine } and they may conveniently be em¬ 
ployed to discover the absolute quantity of this acid, the 
precipitate being collected, weighed, and dried. Four 
ounces of healthy urine, according to Cruickshank, yield 
with muriate of barytes a precipitate of 13 grains, con- 
' sisting of phosphate of baryte^, produced by the decom¬ 
position of the phosphates of soda and ammonia i a 
precipitate of 13 grains indicates a quantity of these, or 
of what has been more peculiarly named Microcosmic., 

’ eq ui v ale nt grains s and, of course, this test 

*uay shew the proportion of these salts in the urine. The 
nitrates of silver, quicksilver, and lead, occasion a copious 
*pi1bcipitation, the precipitate consisting principally of phos¬ 
phoric acid, but partly also of muriatic acid, with the me- 
tallic oxide. If nitrate or acetate of lead be employed, the 
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muriate, of lead, it was remarked by Cruickshank, <«nay 
be "dissolved, by boiling in 18 or 20 times its weight of 
water, the phosphate of lead remaining undissolved, and 
thus, by weighing the! original pi-^cipitace, and the loss it 
sustains in this operation^ the qi^^asitities of phosphoric* 
and of muriatic acids in the iirme may be determined. 
** Four ounces of heathy urinej*treated in this way, yield 
a precipitate of 31 grains; this biing digested in distiU 
led water, 7 grains were taken up^ the remaining 24 were 
found to be phosphate of lead, equivalent to 23 or 24 
grains of microcosmic salt 

Infusion of tannin almost always detects in urine a 
little gelatin, by the cloudiness it occasions or the preci¬ 
pitate it throws down; about 4 grains are usually ob¬ 
tained from 4 ounces of healthy urine, and, in certain 

«» 

morbid affections, especially where the digestive organs 
are impaired in their power, the quantity of gelatin dis¬ 
covered by this test is considerable. Some chemists have 
suppoted, that the precipitate tannin occasions may be 
owing to the presence of albumen; and Fourcroy and 
Vauquelin have observed, in proof of this, and of the pre¬ 
sence of this principle, tKat flakes are formed in urine 
merely by hearing it; but, with regard to this, there is 
still some obscurity, for no coagulation is produced in it 
either by acull^or by alkohol, which there ought to be, 

did it contain albumen. - ■ ... 

It has been stated, in the preceding account of the ana¬ 
lysis of urine, that when it is evaporated, so as to obtain 
the greater part of its saline ingredients by precipitation , 
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ctystaUizatLon, there remain^ at len^h, a liquid a 
dark colour^ of a thick consisteucei aqd un^iSta^jbEable, , 
having the inore evident urinous prog^ies. -T^ls liquor 
is principally’ a Sfl^tionjflNfttgSieCttnar animal principle 
icontained in urine. ^<ijh4&ned|by evaporation, in a state 
of lUEJore, or less interin»|a^;e with the saline ingredients^ 
jt was named, by th^ ^d^N^iemists,. the Extract of 
Uriner*^t had been ^sdnjguishe ^^m ore particulad^Mby 
Kouelle, and considerejl by him even as a distinct sub¬ 
stance*. There may be obtained from the urine, he ob¬ 
serves, besides the saline matter, two’..substances, one 
soapy, the other eartmetivei the first is very soluble in al- 
kohol, the second is insoluble. The soapy substance, 
(which is evidently the uree)* he describes as of a brown 
colour, a foetid ^ odour, an unctuous consistence, crys- 
tallizable>iike a saline body, not easily susceptible of ex¬ 
siccation, attracting humidity from the air, and giring by 
analyris more than half its weight of volatile alkali a 
little oil, and muriate of ammonia. It is evident, observe^ 
VauAel in, that Rouellc, by . these chailtctete, had very 
wpA distinguished a peculiar principle existing In urine. 

His observations, however, were neglected by succeed¬ 
ing chemists; and the existence of’ this principle inay be 
^id to hwe been re'^iscovered by Mr Cji^clcshankj who 
obtained it by a peculiar neethod, and cona^lk^ it under 
A I iijiil nr lillMli ilngi ili(i) diffeyeut from that exhibited 
by RouCllef. If to an outteei!?fayshe, “ of thrextrai^vc 
of urine, there be addrkl an ounce qf^the con* 
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^a^tA/ed nitrous acid, diluted with an equal quantity oT^ 
water, \a violent effervescence, accompanied with heat, 
and thei'.disengagement of Oitrous gas, will take place i 
when the action has ceVioc'a, the it>uor become cold, 
a number of shining scalds, or C^n'St'ais, resembling the aa? 
cl'd of borax, ;will be deposItnd^''\vhich, when well dried 
on hiotting paper, will V*' foiindj^to weigh from 5 to 7 .>' 
drachms, or sometio'-^ move* th/‘proportion varying ac¬ 
cording to the quality of the exiract, and the method of ‘ 
conducting the process. 

“ The figure of these, scales appears to be that of flat 
rhi>mboids ; they have a smooth greasy feel when press¬ 
ed between the fingers ; .are soluble in much greater 
, quantity in hot, titan cold water, and also in some degree 
in alkohol y although repeatedly washed with this fluid, 
and^di^ied on blotting* paper, they still retain acid proper- 

ir 

lies, and strongly redden the syrup of violets ^ they are 
readily taken up by the sulphuric and muriatic acids with¬ 
out commotion *, but, with the nitrous acid, theypjjoducc 

■’k « 

a kind of effervescence, and appear to be in somcl^mea- 
sure decomposed ^ they combine with the mild alfesliS 
with effervescence, and form very soluble neutral salts,' 
whose properties have not been sufficiently examined. 
Their solution in water does not precipitate lime-water, 
nor the muriates of lime or barytes, nor the nitrates of sil¬ 
ver or mercury, in any sensible^noflias if aiiycf-' 
feet upon the sulphate of Iron or acetate of lead; they do 
not, therefore, contain phosphoric or oxalic acid ; when 
thrown upon a ired hot iron, they melt and evaporate in 


white smoke, leafing a very small quantity of a charry re- 
■ ^daiim> by no means cUflScult to incinerate ; but when \ 



"exposed tb an intense heit, they bum with a/^diisli 
ilamc, and a kind of detonation somewhat 3tmijar to the * 
iSitrate of annraonia. , ^ 

« From theflX^j^ct/^%t^ iTwould appear, that this 
substance is an zmm^Wid hinierto unknown, and whose 
basis exists in this ex^|!hv matter.” 

Fojjrcroy and Vau^clm, in^^lissertation on the urine 
of the horse prior \ the publiSsfcion of Cruickshank*s 
experiments, had observed, that if to the liquor remain¬ 
ing after the separation, by evaporation, of the saline sub¬ 
stances, and of the benzoic acid by muriatic acid, there 
be added nitric acid, a precipitation immediately ensues of 
slender brilliant crystals, so as to form, in a short time^ a 
concrete white mass, which* at length became of a brown 
colour. This, after a slight examination of its proper- 
tlesi they'considered as a new principle, before unknown 
to chemists i it continued to engage their attention ; and, 
in a Subsequent memoir f, they gave a very ample detail 
of tile,facts they had discovered with regard to it. They 
ga^ to it, from the secretion in which it is principally 
the name of Uree. ^ 

The following is the method by w'hich these chemists 
obtained this substance in an insiilated state. 

Urine’is evaporated, by a very gentle lieat, to the coii- 
sistence of thick syrup. It thus" acquires a dark brown 
colour,’ and a /ceti^'Trfftmoniacal smell. , On epoling, it 
conopgtayB into a confusedly crystallized mass, consisting 
mixture of Its salts with the urinary matter. . 'Fo ob- 


* Mt'moires de Flnstitut. Kational, tom. ii, p. 44-3. 
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taiil A's, there was poured on this mass four t!mc4 its* 
* weight alkohc^, in successive portions^ heating them 
gently} kie grcat^ oart Is dissolved, and gives a dark 
brown colour to the fluVifr'tH>^*'‘h'remanjs undissolvcd a 
saline matter nearly white. T^^^^lution contains the ’ 
ur6e : it is distilled in a retort ^JtS^d in a sand bath ; the 
alkc^ol passes over fcetid -••ihd impregnated with cgrbon-' 
ate of ammonia, an,f^ portion or animal matter. The 
distillation is Continued until the Kquor is of the consist¬ 
ence of syrupy the alkohol is thus dissipated, and the 
matter, in cooling, crystallizes under the form of quad¬ 
rangular plates, crossing each other, of a brilliant yellow¬ 
ish white colour. This is the Uree. It exhales a strong 
urinous odour ; it has a degree of tenacity which jrenders 
it difficult to be cut or detached from the vessel in'whifh 
it has-been evaporated: it attracts humidity, however, 
from the air, and forms a thick brown coloured.liquid; 
and it dissolves rapidly in a very small quantity of water, 
producing, during its solution, a very sensible degtfee of 
cold : it is less soluble in alkohol, but its solution imthis 
fluid, saturated by being made with the assistance of hea\^ 
, gives, on cooling, crystals more readily than the watery 
solution. Its solution in water, when concentrated, is of 
a brown colour $ which, by dilution, passes through the 
different shades of orange, yellow, and lemon edbur, so 
as to resemble urine in the vario\.c in whicE it oc- 


curs. Arid‘they regard it, with justice, as the. principle 
in which the most characteristic properties of this anifi^al 
fluid reside. 

Fourcroy and Viiuquelih;have given, in their memoir, , 
a very detailed account of the chemical properties and 
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*lrellkicm8 of iir^e, from which I givd Rn abiridge^at^te- 
xnent of the principal facts. / , 

Exposed to heat in a retort connc^^ with m appara¬ 
tus adapted to ^^ect it melts quickly, and 

a vapour is disengagbii,||idnch Condenses in the neck of the 
retort into a crystallinefiiMi^ite, having ail the appearances 
. of benzoic acid, wh]th\as^^iHpbably been contained in 
the ur^e, and derived f»in the urmi^^Whenthis has ceased, 
carbonate of amrnonialsubiimes \ and the sublimation of 
it continues, without interruption, to the end of the expe¬ 
riment ; no oil is condensed, nor even any watery liquor, 
but merely the salt tinged brown, and of a very fuetiil o- 
dour. As the heat is raised,- this odour becomes more 
insupportable. The matter appears, at length, at the 
bottom of the retort in a dry state, black, and covered 
with a white crust; this sublimes, and is found tO' be 
muriate; of ammonia. After exposure for two hours 
longer to the fire, the carbonaceous residuum gives, by 

3 tion, a liquor smelling of prussic acid, and which 
litatcs, with the aid of an alkali, the solutions of 
alue : it contains, too, muriate of soda, and a little 
muriate of ammonia. In burning it in an open fire, it 
disengages an amrnoniacal odour, mixed with that of 
prussic acid. There remains, at length, a matter, a- 
mounting to about an hundredth part of the uree, whiter 
acrid, the vegetable colours to at 

green, and efiervesces witli acids, being, apparetitly, ear* 
b^^te of soda. , t A . 

In the progress of this decomposition^ carbnt^ted hy¬ 
drogen gas, with perhaps a little carbonic acid and nitro¬ 
gen gases, were Ukeu'jse disengaged*; In repeating the 

R r S 
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eqAWnt; It was found, that 288 parts of urde gavd4o^ 
p^fts ofurarbonsite of ammonia, 10 parts of carburcttcd 
hydrogeA gas, 7 V^rts of residual charcoal^ i58 parts of 
muriate of ammonia, v. pin, miiriate of so¬ 

da, with quantities too minute A^j^o^stimated of oil-and ^ 
prussic acid. The benzoic acic^y^tiate of ammonia, and 
muriate of soda, tliese c}^<s;insl^ cd^isidered as contained. 
in ^J’^' Uree, but prolyCbly foreig/i to . its com|K>sition 5 
hence, irom the other products, itf follows, that this sub¬ 
stance is a compound of nitrogen, hydrogen, c.irbon, and 
oxygen ; and the large quantity of ammonia which tlie 
analysis affords, proves, that, among these elements, the 


nilfogen is present in largest proportion. “The propor¬ 
tions could not, from this experiment, be fixed, perhaps, 
with perfect accuracy ; but, from the quantities of am- 
monia^ carbonic acid, carburetted hydrogcn,:,wa#(^, and 
charcoal produced, compared with the quantity of ureo 
decomposed, they are stated by Yourcroy and Vauqiielin 
at 39.5 oxygen, 32,5 nitrogen, 14.7 carbon, andil3.3 
hydrogen ; and admitting a correction of these, on account 
of the portion of water which might be supposed to lw< 
pre-existed in the matter, tKere is a reduction in the pro¬ 
portions of oxygen and hydrogen, and the nitrogen be¬ 
comes, not only with regard to the characters it commu- 
niaites, but hi: quantity also,, the predominating .^ingre¬ 
dient. V ..^ir**** 

So susceptible is this prlt^iple of decomposidon, and 
IQ liable are its principles to pass into those combinations 
which form ammonia and carbonic acid, that, by merely . 
(^stilling it,with water, it^if alipost entirely converted in- 
'o carbonate of anunohia* '. subjecting to distillation .a 
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' "dolukion of two parts of uree in nine parts of wateri, the. 
water passed over, charged with carbonate of ammonia, 
transparent and pure ; the residual quality Jjecame con¬ 
crete on coolin^j^and 'w>tfjrt/^>4i'fV5wner colour, and less 
‘ 'crystallized. On tliij the same quantity of wa¬ 

ter as before, and repcJith^thc disHllaiipr>, auotlicr soluV 
'•.Jiion of carbonate of aiimoniaVatjnged brown, was obtainr 
ed. A third distillatiiVi gave a sl^jilar product, but of a 
• deeper colour, as if it were oily, and from which a little 
charcoal was deposited. Alter tliese three successive 
operations, the uree had afl'orded move th..n half its \\ ei!ji.ht 
of carbonate of ammonia, and yet its power of yiehiiLg 
this product was not exhausted j for although, when di¬ 
luted with a fresh quantity'of water, it gave indications 
of the predominance of acetic acid, yet it lost this acidity 
in foui^tMT fire days exposure to a temperature of 77", and 
again gave an ammoniacal water by evapt;r.uion, deposit¬ 
ed some crystals of muriate of soda, and afforded a pre- 
cipitpte of uree with nitric acid. Thus, this principle is 
^ more' susceptible of decomposition than almost any animal 
^^aduct. 

When abandoned to itself iit solutiort in water at a na¬ 


tural temperature, other-affinities are exerted among its 
elements, and it passes into the acetous fermentation. The 
liquor, exposed In a vessel imperfectly closed, soon became 
turbid, a-sUanrcoUet^gy i>n ii^surface, bubbles of air con¬ 
tinued to be disengaged, and; a lighted candle let down 
itiyf the upper part of the vessel was cxtlngifish^jd. If, 
,acquired n sharp acidulous hut fictid odour: lati-the end 
of three months, this fermentation had ceased : it was 
then subjected to distillatioj^, tiifide tlie weight of thc'orb* 

'Ifc” r 4f 
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ginsdfSnatter, of 8ul|}huric acid being added. A pro<fucfr' 
Ivas obtained} containing acetic and also benzoic acid : the^ 
residuum contain\i^ aulphate of ammonia} and gave a pre¬ 
cipitate of charcoal. IK’WtSlftafrii.oreiHtlle^elem^^ of the 
uree had combined so as to formli^o/^cetlc acid and less' 
carbonic acid and ammonia thjksyVhen heat was applied. 
When a little albumen hiiiA'bcen a^ed to the solution of. 
UTee> the phenom ena,y 6f fermen/atlon were still more 
strikingly exhibited; and althougn acetic add was form- 
ed>.the product of ammonia was greater, so that tlic liquor 
W'as sensibly alkaline. 

Urec, subjected to the action of acids, presents results 
altogether different from those cxliibited by any other 
animal principle, and wliiti throw light on its peculiar 
composition. 

Its solution in water, mixed with a fourth pf ilts%eight 
of sulphuric acid diluted, gave no efFcrvesccncci The 
mixture, heated until it boiled gently, became covered 
with a layer of oily matter, blacL, and which became con¬ 
crete on cooling. The liquid which had evaporated and 
been condensed,during this action was of a yellow colotftt^ 
particles of charcoal were diffused through it: its odour 
was similar ^ that of empyreumatic acetic acid, its taste 
hot and acrid. It reddened litmus, without precipitating 
the'barytic saltsy and therelore, though acid, contiuned no 
sulphuiic acid. Saturated^idi Ujaai bratfOTded acetate 
and benzoate of lime ) the bm^olc acid, accordi ng t o the 
(upposhlon of Fourcroy and Vauguelin, having beent^^ 
idved from the urine. The residual liquor contained 
||iuch sulphate of ammon-^* Hence, in the dccompost- 
of the uree by thP l^^uric acid, ks elements bad 


r 
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beoti combined so^ as to form pTmofutHy an oil^ a^tic 
acid, and ainmonia, a little charcoal beijig/precipitated. « 
The manner inwhich nitric acid actaon nr^e is peculiar 
and singular, and altogether from what would bh 

expected from the know^i agency of this acid. Uf^e ia 
extremely susceptible of decomposition } and nitric «acid 
is, of.any agent, that Which a»i'^s with most energy in d<^ 


composing vegetable or animal sisbstances } yet tlie »ree 
is not decomposed by it, but rather enters into combinai- 
tion with it. The observation by Cruickshank, that a 
precipitate of shining scales or crystals is ^oduced when 
nitric acid is added to urine concentrated by evitporatlon, 
has been already stated 5 and Fourcroy and X^iOquidin 
have found, that the same t^pearance is produced still 
more distinctly with pure ur^e. When the nitric acid ia 
added tO^ a strong solution of it in water, there is an in* 
stant deposition of crystalline plates, white, brilliant, and 
pearly, which augments so rapidly, that the whole mix¬ 
ture nearly appears to be converted into this matter. 
These chemists sought to determine its nature. When 
heated gently, it softens and melts like oil, a brisk effer¬ 
vescence takes place, and it is in part converted into ni¬ 
trate of ammonia. Hence they regarded it as a compound 
of the uree and tutric acid. 

When the nitric acid is concentrated, and particul^ly 
when it is aurcharged. with nitric, oxide, and when' the-^ 
uTee IS in a concrete state, the mutual action is atnsnded 
with a brisk effervescence, ind an evolution ni- 


n trie oxide, nitrogen, and carbonic aicid gases 'arif disen¬ 
gaged, and there remains a lwhitc or yellowish concrete 
watter, with a .few drops of a red liquid t if ihik rcsiduum 






it deioti^fis and inflames In the sadie manner 
^ as jtiltrate of ammonia.. In this rapid actimi) then, the 
is decomposed. If the acid be dilated, and heat ap* 
/^licd, it likewise suifere-depompositioa, but more slowly^ 
so that the progress of the ppea^tion, and the products 
.l atising from it, can be more accurately observed. Four- 
croy.and Vauquelin found; that, liatrogen and carbonic, 
acl^j^ses-'were firs^ dj^feitgi^d in large quantity, then 

'i* « ^ ^ 

nitric oxide, mixed with carbonic acid; an elastic fluid, 

/ 

simtlar to atmospheric air,‘ having a sharp odour of prus¬ 
sic acid, likewise appeared, when the disengagement of 

nitrogen had ceased, and that of nitric oxide commenced : 

'.))W 

at'^e erid of the second day, a gentle heat having been 
always applied, the matter h^ing become thick, and fur¬ 
nishing scarcely any considerable yapour, topk fire, with 
^ violent explosion : there remained in the bottom of the 
vessel an oily carbonaceous matter, which gave to water 
with which it was lixiviated an odour of prussic acid and 
imunonia, as well as the property of'precipitating the so¬ 
lutions of iron blue. A quantity of charcoal remained 
after the Bxiviation ;.and there was condensed in the re- 
ceiver a yellow liquor, very acid^ on which floated a few 
oily particles having a penetrating odour. A considerable 
loss: attended the opei^tion; and hence the proportions 
of .die productS^ould not be determined so as to any 
certain results ;.but, as Fourcroyaj^ Vauqtlelm have ob¬ 
served, there is in this decomposition scarcely any sons I- 
*1 * » . 
ble prodoc^on of that fat matter, of the yellow bits^r 

principle,i<iil' of the oxalic or saccho-lactic acid, which are 
so generally the produd%ij^tthe action of nitric acid oji 
animal malter: the whole^^ists in the disengagement 
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of nitrogeil and the formation of catbonic acid, prussic 
acid, and ammonia,—a result which s^ows dearly the 
predominance of nitrogen in the composition of ureej, 
that, next to itj carbon is contained in largest quantity, 
and that the proportion cf hydrogen is comparatively 
small.' . ' vv 

. Muriatic acid produces on this principle scarcely any 
‘ efiect, precipitating it only from its solution in alko^^in 
brown flocculi. . Oxymuriatic acid, however, prod,iicesitt 
it a decomposition somewhat peculiar. When the oxy- 
niuriatic acid gas is transmitted through its solution, it is 
absorbed in large quantity, the liquor becomes brown, 
flocculi of the same colour appear, which soon become 
yellow, and adhere to the aides of the vessel like a Con- 
crcj:e oil. These become paler in their colour, small 
bubbles of air continued to be disengaged from them/ 
even long after the, transmission of the oxymuriatic acid 
gas had ceased : this air consisted of about one-third of it 
carbonic acid, and two-thirds nitrogen. The liquor, ^ 
j^thc end of the experiment, contains a large quantity of 
muriatic acid, with a portion of undecomposed urce. It 
appears, therefore, as Fouicroy and Vauquelin have giv¬ 
en the rationale of this operation, that the oxymuriatlc 
acid had first decomposed part of the urec, by yielding to 
it oxy^jgtn ; that it bad likewise continued to re-act on the 
fiocculi. produced from this decomposition, and to disen- 

i' ' * 

gage from them nitrogen, its oxygen at the same time 
combining with carbon; .while tKe muriatic j-aci[d into 
^which the oxymuriatic acid had passed fixed and retained 
in the liquor the greater parfr'^f'^tlu^ urte, protecting it 
from decomposition. r 



is perfectly soluble in alkaline soluti^Sj and, at 
r the »ame time, partially decomposed; When triturat- 
‘ic4 with a solution of potassa, a sU'ong ammoniacal odour 
is immediately exhaled*; and as the same effect is produ* 
ced by carbonate of soda or of potassa, by lime, barytes, 
and,even by magnesia, it probably arises from the decom¬ 
position of muriate of ammonia, mixed with the uree« 
Butiftesides this, when this principle, in its solid state, is ‘ 
triturated with potassa, dry and in powder, an energetic 
action is manifested; the tcmperatuie rises considerably; 
there is disengaged so large a quantity of ammonia, that 
it ipust be considered as formed by the combination of its 
eluents: the colour, at the same time, deepens, and an 
oily-like matter appears on the surface. When heat is 
applied, even though the mixture^Jbas been previously di¬ 
luted with 4 or 6 parts of water, the decomposition is ra¬ 
pid, and proceeds to a greater extent; pure ammonia, 
with a portion of carbonate of ammonia, are disengaged 
and absorbed by the water in the receiver: the residual 
matter, diluted with water, gave a violent effervescence 
on the addition of weak sulphuric acid} indicating, that 
"^psrt of the potassa was in Hie state of carbonate. A vo¬ 
luminous fSocculent precipitate was at the same time de¬ 
posited^ having the properties of a concrete oil: and, in 
the last placet'the liquor being submitted to distillation, 
afforded acetic and benzoic 3cids«> Tl^ potassa, diCrefore, 
assisted by the heat, had d^pmposed the nr^e in a man^^ 
,ner anahigpus to the sblphuric acid; or to that which this 

s«' ‘ ’ ♦ 

> principle .suffers spontaneously at a high temperature, the 
products bang nearly ammonia, carbonic and 

acetic adds; and differed^om those which tliis alkah 



. 0iiEE. . 6ST 

usually produces V|^n it causes the decompositioniani- 
mal matter, particularly in the .small p^C^ortion of oily , 
matter that had been formed ; fat diift^'ence no doubt ow*-. 
ing to ^he larg^rOportion of nitrogen, and smaller quan« 
tity of hydrogen, in the composijtion of uree. 

Uree has a singular effect on some of the neutral salte,' 
•—that of changing the form of their crystals. It had been 
long known, that if urine wefe saturated with muriate of 
' soda, this salt was again obtained from it by spontaneous 
evaporation, not crystallized in its usual form of cubes, 
but in octaedrons : and Fourcroy and Vauquelin found, 
that by the same method muriate of ammonia crystallized, 
not in prisms, but in cubes. They further found, that . 
this singular effect depends on the action of the urde i 
sinpe it equally happens when the salts are dissolved with 
pure crystallized urde in water, and their solutions cry* 
stallized by spontaneous evaporation. The crystals al¬ 
ways retain too, a brown colour, and when freed from 
the ufde which thus appears to be combined in.them,^bf 
.:s^ufRcient exposure to a red heat, they again crystallize 
from a solution in water, in their usual form. 

The solution of urde in water, decompoAs some of the 
metallic salts. Those of the nitrates of'silver and quick¬ 
silver, it precipitates white: that of nitrate of Idad, it 
throws, diown of a yellowish brown, which may be redis- 
solved, after some time, in a large quantity of watcr> and 
then appears, on cvaporatlan, in brilliant sitvdry crystals. 

Tannin changes a little the colout of a sohitmlr^f urde, 

tbut does not precipitate it; a character by ii^h this 
• ^ 

principle is well distinguished fi^^the albuminbu^ or ge- 
ladnou"^ matter so frequently*|eCreted with it. ' 
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This principle being so uniformly secreted in consider¬ 
able qu.intity, atrd altogether disdiarged from the system, 
must necessarily be subservient to some important pur¬ 
pose in the animal economy. Fourcroy. and Vaiqueliq, 
in conducting their investigation of it, advanced the theory, 
that it is designed to convo) the rcdund.int nitrogen fiom 
the system, as the secretion of the bile disclnir » tl e 
superfluous hydrogen, and the changes in the lun‘;s, hj 
respiration, perform the same oflicc with reg?id to c\'- 
bon. There is a dc'grce of obscuiity attending thi> 
theory, since the dlfliculty hitherto has been rather tf» 
account for the origen of the nitrogen in the system t»t 
animals, than to provide for its discharge. Yet it is no 
doubt true, that this clement being contained in so large 
a proportion in urdc, is proved to be uniformly disch^ig- 
cd in consideraMe quantity ; and this p( rhaps adds some 
force to the hypothesis, that nitrogen, by the series of 
themical actions connected with animalization, is actually 
fohned or evolved, and that in a system therefore liable 
lo Variations in its functions, we may look foi a functk 
by which its accumulation will be prevented. Undrr 
this point of view, the above theory might be regnrdcd uj 
prob.ibIy just. 

'rhe tendency of this pilnclple to pass to the state of 
ammonia, ii probably frequently the c luse of morb d 
chafiges to which the urine is liable $ it may even be the 
cause, sometimes, of the formation of urinary concretions, 
for if iht; exce.ss of acid in the urine be saturated by tiu. 
production of this alkali, the albuminous or gclatinoujii' 
matter which the acid hhtdin tiolution will be scpaiatcd; 
and if a partial deposition 0f phosphate of lime mag 
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or of uric add, take place at the same time^ as may 

j^peti from the same cause, the nitcll'OS of a calculus • 

may be forme The cementing ingredienat in manj of 

these dalcuH, jji the gre .iter number indeed, appears to be 

tins albnffunous matter, which is separated from urine 

where \ or its acidity is neutr du ed ; and it cannot but be 

.coiTs^hrcd as probable, but that the lorn ition of such cal- 
* .. 

tnU may dcpdid on some operation of this kind. 

The pr.,i!dminance of nitiogcn in the composition of 
uilO, \t lo remarked by Fourcroy and Vautjutelin, explains 
vay well the gieat advantage derived from the intermix¬ 
ture of urine in the materials of nitre beds, in the pro¬ 
duction of nitre; the prciciice of the vegetable matter so 
far altering the airmitics, as to prevent or diminish the 
formation of ammonia, and cause part at least of its ni¬ 
trogen to enter into combination with oxygen. And the 
huge pioduct of ammonia, from the distillation of urine, 
a process carried on, even in the large way, in the manu¬ 
facture of muriate of ammonia, depends more, as they 
^havc remarked, on the decomposition of the urec, than 
on tliat of the ammoniacal salts which that fluid contains. 


There still remains to be given, the chemical history of 
another substance always contained in urine, and nearly 
peculiar to it, the Uric Acid, 

The discovery of this acid we owe to Scheme. In ana¬ 
lyzing urinary calculi, he found, that all those which he 
had submitted to experiment, consisted principally of a 
itubvjtmco sparingly soluble in water, but which* by boil¬ 
ing a large quantity of water Upon it, might be dissolved, 

^ f 

and aflorded a solution which reddened the more delicate 
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.V|!gd:able colours, and from which, on cooling, the gr>; 
or pait again sepj,irated in minute crystals. This he^i-^- 
gardcd as a piicuhar acid : and he .^dded the observation, 
that it is contained in all urine, and frequently in, consi- 
dcrable quantity, so as to be deposited as the coulo 
Bergman had likewise, in analysing urinary calculi about 
the same time with Schcclc, observed this acid* It 
made the subject of experiment by Dr Pearson f : seve¬ 
ral of its properties were pointed out by Fourcroy and 
Vauquelin : and Dr Henry has added much to our know¬ 
ledge of these, and of its various combinations, and in a 
dissertation has given an excellent view of its chemical 
history |, from which I take prinjjpaily the following 
facts. 

From being considered as the basis of urinary calculus 


Vnr stone of the bladder, it received the name of Lithic 
Acid; a name certainly improper, not only from the solc- 
dsm which, as Dr Pearson observed, it involves, but as this 
substance is not confined to these concretions, but is also 
contained in urine, while there are urinary concretions,^ 
in which no sensible quantity of it can be detected. Ilencc 
the appellation Uidc, wliicfi he suggested, is preferable. 

There is a difficulty in procuiting this acid pure: fur as 
deposited from the 4irine, or as contained in urinary con¬ 
cretions, it is always in a state,- either of combination or 
mixture; and it is generally in these states that it ha"> 
been hiriier^ examined. The process given by Dr Hcn- 


* Chemical Essays, p, 199. 
t Philosophical TmaSactious, 1798, p. 37. 
% Dissertatio Inaugutflis^ £din. 1807* 
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^ to dissolve a calculus, of that hind which consists 
y of this acid, in a solution of purel pot issa. Muri¬ 
ate or>acetic acid is added to th.is solution of it, while any 
precinjC ate ofjv white colour Ir. thrown down j this j ro- 
'^ipitatc isto be washed repeatedly with tepid distilled wa¬ 
ter, and in order more completely to rcniovo any foreign 
lew drops of w.iter of amjnotiia are adiki! to the 
water v/it)i which it is first washed ; .and if any minute 
pt-rtion if albuminous matter lias been precipitated with 
i', which sometimes happens, it is separated by pouring 
f'lT the water in which the flocculi cf tJiis are suspended, 
wii’le The licavier uric acid is allou’'ed to subside ’’’h 

Uric acid obtained by this prccci s, is In the form of a 
white powder, rough to the touch, but which yields easily 
to the pressure of the finger. It is altogether free of 
taste. It dissolves in 11 50 limes its weight of water 
at 21% or in 1720 times at CO® -j-; a degree of solubility 
much less than what Schcele had staled, owing to his ex¬ 
periment 1 laving been made on it merely as forming part 
^ a calculus ; in W'hich state, as Dr Pearson lias remark¬ 
ed, it is much more soluble, doubt from its impurity. 
The solution in hot water on cooling, deposites pcHucid 
crystals, so small, that the fon,Ti cannot be described. 
The infusion of litmus is reddened by this solution. Scan 
lis decomposed by it, not indeed by adding a solution of 
the acid to a solution of soap in water, fot from this ad¬ 
dition no turbid appearance is produced ; but by digesting 
the acid, in powder, with soap, and as much water as is 


* Henry, Dissertatio Inauguralis, p. 12. * 

t Thill, p. 14. 
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required to diisclve it, the oil is separated, and a 
likc liquor is pr<^^uccd *, It decomposes the alkilinej#!^- 

i '< 

phurcts, precipitating the snlplmr: and it combpes di- 
r(.'<.ily with the alkalis, earths, and metallk'' oxides^thc aU 

« • • ^ *' £*/ V,* - * 

luliiif properties being neutralized in ilu; con'jbliiatlon. - 
^J’hesc propcrdcs, as Dv 1 huny has justly reniaiked, are 
suflltient to class it amoiis'; tlic acuis. Dr Pearsoi’-^nK'>-. 
red from hit; cxpeititncnts, that it did not redden tlie ve^j' - 
table coloursf nor decompose soap •, and i>bservirg fartie.r, 
that it is taslelefis, scarcely soluMc in cold water, vvi e. - 
pabJe of ujiiiin;' with the alkali of cat bun .Ic of soda, j ' - 
tassa, or ammonia, nor Mith tlie jime of lime water, nc.r 
with oxide of merenry ; and tlut its combinition wit)- 
caustic seda, resembles soap more than any compound 
salt known to cotjsist of an acid and alkali, inferred, that it 
cannot be regarded as an acid, but is to be considered a> 
an animal oxide I. Some of tliese properties, however, 
are not strictly cliaracteristic of acidity, and with regard 
to others, as that of not reddening the vegetable colours 
or decomposing soap, the observation appears to ha^y^ 
been inaccurate. 'Phe acid powers, however, of this sub¬ 
stance, are undoubtedly weak. It has been long known, 
that it is incap.ible of disengaging the carbonic acid from 
ihc alkaline c.nbonatcs, nor is it dissolved by them: it act3 ^ 
with no energy on the metals, nor docs it precipitate any| 
of the earthy or ipeiallic salts. 

♦The combinations of uric acid with the alkalis and al¬ 
kaline earths are easily effected, by digesting in hot 


* Henry, Dissertatio Inanguralis, p. 16. 

-j’ Philosophical Tr^sa&tions, 179^> p* 27. 
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fclSie bnsc with a quantity af the acid, mere than suffi- 
for its saturation, straining the soltition, and ovnpo- 
ratingvt as far as may be recessrvry with .a geiitL* !:l .t. 
Dr Hjnry has examined the general properties ul these 
uratcs7”^S^tl»us obtained, in a state of purity, and gives 
the followimy enumeration of them. Thev are taste- 
arl, In external appcaraiu:e, ca?i seateely !)>■ dis- 
J;;iguisb'‘<l from the acid Itself. Kxpoijed to the air, they 
trvJergo no change, neither losing nor attracting water. 
T! cy arc very sparingly soluble in wat» r. Drare oi ain- 
i..onia, contrary to what Iiaa bec4i alinniej, is tlie mo^t 
soluble, and, of it, an oi-nec of dl.stilled water at GO dis- 
'.olves only 2 or 3 grains. The otfier.;, willi lepard to so¬ 
lubility, stand in the A llowing (nder : iiraie of potass,i, 
of .soda, of lime, of strontllcs, of magnesia, of argil, and, 
of barytes. If to the solution of any urate, any acid, the 
carbonic and prussic excepted, be a ided, the uric acid is 
precipitated in the state of a w'hite powvler. Thv? alka¬ 
line urates arc alsc* precipitated when tlie solution of any 
[.^hcm is mixed wdlh the solution of any of the earthy 
muriates, nitrates, or acetates. The solutions of the u- 

A 

r.ttcs cause precipitations in the solutions of the metallic 
baits, those of gpld excepted, the precipitate consisting of 
the metallic oxide in combination with fhe uric acid. TJjo 
urate of iron prepared in this way, is of a rcddi.‘!i co¬ 
lour i that of copper a yellowish green ; all the others are 
pale. 

Though the neutral urates arc of sparing solubility, 
they are much more soluble with an excess of base j 
hence, wlicn boiled in solutions of these baset, or in water 
with the additionof them,they are dissolved ir considerable 

Ss2 
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quantity. An ounce, for example, of solution 
, the specific gravliyof which is 1108, dissolves 
V fiO grains of tl^ acid. The solutions of these 

are precipitated by all the acids ; if a weak acid\^s em¬ 
ployed in tlie experiment, as the prussic or cafb^iicTor ► 
if a snvall quantity only be added when a stronger acid is 
used, the precipitate consists of the neutral urate ;T; ft 
the pure uric acid is Jiever thrown down unlots by a 
Gtron^if arid suddenly added. 

The following table is given by Dr Henry of i!;e oid;r 
of affinities of uric acid. 

Ukic Acid. 

Barytes. . 

Strontites. 

Potassa. 

Soda, 

Lime. 

Ammonia. 

Magnesia. 

Argih 

Metallic oxides. 

Uric acid is decomposed by the action of the more 
powerful mineral acids. Nitric acid presents with it a 
singular result, which serves even to form the character 
by which tins acid can be most easily distinguished. ) 
Scheele observed, that calculi composed of jt, dissolved 
in this acid, formed a liquor which stained the skin of a 
deep red colour} and this solution, if neutral, assumed by 
evaporation a blood red colour which, however, disappear- 
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Mbo adding a single drop of nih-ous acid. The same fact 
observed byBcrj^mau in hts eJtpc'rlmlats; he found the 
deep <;jo]ouT assumed whenever the 1 tpiorwaaev.J oov.itcd so 
far as to contain little rutric acid, and wheji the cvip<v/a- 
Fion^i^^i'-i'icd to dryncts, ti.e colour is a very dark red j 
it is communicated from this dry nnas to water, but is 
:lr«“’‘.iyed both by the acids, and by the aikalis Four- 
tr,»y has adirmed, that this property does tvot belong to 
the pure acid, but depends on the prchence of anh-nal 
matter, probably ajitlle urce ; but Dr IJenry found, that 
it is cxhibito<l by the acid in its purest fonTi. By re¬ 
peatedly distilling nitric acid from the uric acid, the lat¬ 
ter is entirely decomposed ; nitric oxide gas is disengag* 
ed, a portion of oxalic acid, according to Fourcroy, is 
formed. Dr Pearson, who has examined this operation 
minutely, ftnnul, that carbonic acid g.ir>, with nitvogert 
gas, were disengaged during the ebuilition, a strong smell 
of prussic acid arose, and the rc‘?itiual daid deposited 
crystals, which he found to be nitrate of ammonia } the 
^24^ acid, therefoio, as he has explained the rationale of 
the pro'^ss, had, by parting with oxygen to the carbon 
of the uric acid, formed carbonic aijid ; the carbon being 
th-us abstracted, its hydrogen and nitrogen had combined 
a?:d formed ammonia, with which the redundant niiric 
acid had united f. 

Sulphuric acid headed strongly on uric acid likewise de- 
composes it; sulphurous acid is evolved, as Sdiccle found, 
and there is a charred resuluum. Pduriatic acid has little, 


Scheele’b Chemical Essays,'p. 200, 211. 
' Pliilawpbical Transactions, I798i p. 
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eSIlct upon it; but oxymtiriatic acid gas acts on it 
^ energy, and causits its entire d(‘compo3ilion. When^a^ 
^ uric acid is ptl| into a bo^lc with water, and a str^vm of 
oxynmriatic acid gas is transmitted through the waler^ af¬ 
ter some hours, a pferfect solution is obtainc\fr*'*^rn add^ 
ing to a portion'of this a little lime, ammonia was disen- 
, gaged, and, by evaporation of the other portion, nuirati;. 
o^f’^mmonla was obtained. In this, therefore, as in the 
decomposition by the nitric acid, the carbon of the uric 
acid had been abstracted by the oxygen of the decompos¬ 
ing acid, and its hydrogen and nitrogen had combined 
and formed ammonia. The decomposition, however, as 
described by Fourcroy, gives results more complicated j 
not only ammonia and carbonic.acid, but likewise malic 
and oxalic acids, being formed. , 

’^Uric acid is decomposed by heat: the products of the 
decomposition, as afforded by the acid existing in those 
ttritiary calculi Mihich are principally composed of it, have 
liebn often examined by chemists, particularly by Scheelc, 
Higgins, Austin, Pearson, and I'ourcroy. They are wa,- 
ter in small quantity, carbonate of ammonia, carbonic acid 
and carburetted hydrogen gases, prussic acid, and a mat¬ 
ter which sublimes and condenses in a concrete form. The 
^ proportion of water is small; scarcely any sensible quan¬ 
tity of dll is formed ; i^lhe^proportion of prussic acid ap- 
pears, from Austiii^s experimeitts, to be v^ry considera- 
ble *-is«nd there remains a considerable quantity of char- 
.coal, whkh, when burnt, aflbrds little saline matter- 
3P*rom theSe products, as well as from those which are af- 


* Treatise on Stone in the Bladder, p. 101. 
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JfdVtled ^t)y its decomposition by the acids, uric acid may 
he inferred to be a compound of carboi|, hydrogen, nitro¬ 
gen,xand oxygen. The proportions of these have not 
been at all determined. 

'Jhe^peculiar sublimed matter obj^ined in this decom¬ 
position h..s always attrarlod the utteution of chemists, 
'h:ce it was first observed by Seheele. He found, that 
thoiit’h'iit first brownish, it became while by a new 9^^ 
lini.iiiom : it had no smell, but a sourish tustf, and was 
easily boliible in boiling water; it was also soluble, though 
more sparingly, in .albohol : lls solution d'd not precipi¬ 
tate lime-water. From these properties, he observed, it 
seemed to agree in some respects with succinic acid^while, 
at the same time, he appears to have suppt'sed, that it en¬ 
tered into the composition of the calculus j uri?Kiry calcu¬ 
lus, he says, “ being neither calcareous nor gypseous, l^|lt 
consisting of an oily, dry, volatile acid, united with some 
gelatinous matter Hence, so:uc chemists regarded, 
this sublimate as th^, pure lithic acid. It is obviously dif¬ 
ferent from the uric acid which exists in calculi, and 

•*.W; 

whi’clrt? obtained from them by solution in an alkali and 
precipitation by an acid; particularly in its sour taste, its 
much greater solubility in water, and its being capable 
of being volatilized by a moderate heat without,decoml., 
position. Neither is it acted on in the same tpanner by 
acids, and, in ^^rticular, it does not give a red colour 
v/Ith nitric acid. ‘ • 

Experiments were made on this substance hy Aus- 

* 

tin. He found, that it was decomposed by he^t^ affording 

' ‘‘ }'jS 


^ CUemicaJi Essays, p. ^04. 
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ammdnby prussic acid^ and nitrogen gas : a portion aI)o^ 
sublimed, which,\when again submitted to the same ex* 

• t f 

periment, gave the same products, and this apparentljf' *' 
witliout limitation, until its decomposition was complete. 
Acted on by nitric ai|id, carbonic acid and nititjgeir gases 
Vere disengageebj and the residual matter, urged with a 
ttrdug fire, still, gave ammonia and prussic acid *. 

^l^me years afterwards, it was exattiined by Dr Pear- 
son. He found, that itireddeited the infusipn of litmus, 
though its taste,, instead of beihg sour, was only sharp and 
bitter : ten grains of it being dissolved in four ounces of 

« 

boili^ water, this solution, 1^ evaporation to half an 
,ounce, gave a copious deposite of white spicula it was 
not soluble by boiling either in muriatic or nitric acid, andl 
with, the latter, it left red-Coloured matter, on the acid 
bipig evaporated from it. Sulphuric acid dissolved it, 
with the.^assistance of heat, and aiForded a' solution froni 
which nothi|ig was precipitated by pure soda. Obtained 
IjTom another urinary concretion, it di^olvcd in muriatic 
acid, and remained> after evaporation of the acid, in the 
same state as before. It was also dissolved, by ‘Lfuaing, 
solution of carbonate of^oda, as well as by pure so¬ 
da. Under the Same of the blowpipe, tlus sublimed mat- 
,ier melted^a^d then,evaporated without any smell, leav- 
ing a sli^ black marfc{ti ^3^rom the properties of this 
substance, Dr Pearson observes, that it a^caits ,to be ana¬ 
logous to benzoic acid ; but the analc^l^is evidently very 
in^perfiktt . , 

-li t ,,...... . . . .. -> 

* Treatise on the Stode in the Bladder, p. 115 . 
f Blulosopldcal Tr»asac.d»U8» 17^8,jp. 3#. 
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* Lastlf > some observations itave been made with regard 
to it by Dr Henry, which throw some jj^ht on its nature* ^ 
He foimd it to be of a yellow colour: it impressed on 
the tongue a bitter taste, with a sense of coolness, but with- > 
out any. acrimony. Its odour is wsapyreumatic: it is , 
quickly dissolved by water at any tenipefature, and also, 
though more, sparingly, by alkohol. It unites easily with. 
tlie pure alkalis, and from these sdlutions it is not pidUlfc 
pitated by acids. It is volatile, and by repeated sublima¬ 
tion becomes rather whiter. Its watery solution reddens 
infusion of litmus •, but its aciil power is so vireuk, that a 
drop or two of ammonia presents this ; nor does it effer¬ 
vesce with the alkaline carbonates. Its watery solt^ion, 
by evaporation, affords crystals, the form of which can 
scarcely be defined, from a portion of oily matter adher¬ 
ing to them, from which they can scarcely be freed. 
crystals, exposed to the air, suffer no change. Pure pot- 
assa being added to them, vapours cf ammonia exhale. 
Heated with nitric ^id, tlicy give no red-coloured matter* 
Their solution does not cause any precipitation from the 
carthf^tlts, as the solutions of the urates do; neither 
does it decompose the salts'or copper,, iron, gold, plating - 
or tin : from the nitrates of silver and of quickbilver, and 
from the acetate of lead, it throw? down wliite pr€cipl-'i“ 
tates, which are again dissolv?^ by riitric acid. I^ese ex- 

j 

periments prcive, as Dr Henry has observed, that the ' 
acid existing in ihw sublimate is neither uric, siiigdnic, 
nor benzoic acid ; and it appears to be differentfrpm any^ ' 
known acid It is contakijed in the sublimed- mattet 


^ Dissertatio IfiaugumHs, p< 
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cattibined wittifRnt’imonb: fmm the products of its decom«° 
position, it appeals to be composed of the same elements 
as uric acid ^ and it is probably formed from i|ew tfom- 
biuations of these elements In the process by which it is 
obtained* '-t*- 


From the preceding history of urine, it appears, that its 
cSilf^ositicn is very complicated, that it contains a num¬ 
ber of ingredients, and that these are often diversified. In 
the summary of its analysis by Fourcroy and Vauquelin, 
eleven substances are enumerated as constantly present ii: 
it, though variable in their ptjpportions,—muriate of soda, 
muriate of potassa, and muriate of ammonia; super-phos¬ 
phate of lime, phosphate of magnesia, phosphate of soda, 
and-phosphate of ammonia} uric acid and benzoic acid j 
s^^^latinous or albuminous matter; and, lastly, uree. 
Other principles that have been announced as existing in 
it are problematical, except in so far as they are the re¬ 
sults of morbid secretion, or of the decomposition to 
which the urine is spontaneously liable. By this decorn- 

■ I * ' 

position, it has been already various new products 

are formed; acetic and carbonic acids are in particular 
produced, and the proportion of ammonia is much aug- 


inentcd ’; and by these the existing combinations in the 
urine are^^considerably xhodified : Instead of free uric and 
benzoic acids^ it contains urate and benzoate of ammonia; 
the excess of phosphoric acid h sa^ated; and triple 
compbun'ds of phosphoric acid, ammonia, and magnesia. 


|ind phosphoric acid, ainmonia, and soda, are establislied ; 
and acetate and carbonate of ammonia arc formed. 


There can be no doubt^ toO) but that the composition 
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M this fluid is singularly diversified by|morbid states ol 

the system. This, though long a subject of attention to 

phy^ians, has, however, been so Tather empirically; and 

hence our knowlcdi;e with regard to it is little advapci^d. 
^ • 
T!ie researches a few years ago of RcflJo and Cruickshank 

threw consi<kTable light on it j and several facts have been 
added by other physiologists. In the disease named I>ia- 
hetes, 'Mccharine matter is secreted by the kidneys, i^d 
often in vtry large quantity ; and from the experiments of 
Cruickshank, it appears, that it is possessed of all the pro- 
peuies of vegetable sugar, while the proportions both of 
the saline ingredients and of .the uree are much diminish¬ 
ed. In dropsy, albumen is often contained in it in such a 
quantity, that it bears a resemblance to the serum of the 
blood, and Is coagulated both by acids and by heat. In the 
dropsy, hoNvever, from diseased liver, it does not 
late, but deposites a considerable quantity of a pink- 
coloured sediment, which Cruickshank found, on examin¬ 


ation, to consist of phosphate of lime, some animal mat¬ 
ter, to which its red colour was probably owing, and a 
little u^acid. In fever, particularly at the crisis or abate- 
ment of the disease, a lateritious sediment is deposited in 
general very copiously, and the nitrous acid, when added 
before the deposition takes placcj gives a deep red tinge- 
In gout, the termination of the paroxysm is indicated by 
a copious deposition of a similar sediment. This sediment, 
adds Mr Cruickshank, from whom these facts arc taken, 

f 

we have generally found to be composed of lithic acid, 
phosphate of lime, and some peculiar animal matter, but . 
little soluble in water; and of these, tjie acid generally 
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constitutes by fal the smallest part In those spasmo*^ 

die aiFections that attend some nervous diseases^ the urine 

» 

generally transparent^ abounding in saline^ and having 
scaj^ly any extractive matter} and similar appearances 
have been observed to precede delirium in fever. This 
state is discovered, by the infusion of oak bark giving 
scarcely any precipitate with the urine, while acetate of 
lead produces a very cc^ious ond. At the commencement 
of the paroxysm of gout, the urine, according to Bcrtliol- 
let, has a less proportion of acid than usual, while, toward;! 
its termination, it is even increased. In rickets, accordin^^ 
to Bonhomme, the urine is loaded with a large proportion 
of phosphate of lime, derived, probably, by absorption 
from the bones. In other diseases, the urine exhibits other 
appearances : sometimes it is viscid, sometimes white and 
mtUiy; sometimes, again, of a dark colour, and extreme¬ 
ly foetid. These, and other states in which it occurs, have 
not hitherto been accurately chemically examined, though 
undoubtedly, in a medical point of view, they must afford 
important results. 

. . . . 

It appears, too, that in different animals the urlh^ varies 
^nsiderably. ^ In that of gramnivorous animals, the uric 
acid is altogether vranting, while the benzoic is generally 

f 

* PrOBft has affirmed,’that this sediment consists chiefly of 
a peculiar acid, which, from its colour, lie iias named Rosacic 
Acid, apd which, he adds, is distinguished from uric acid, by 
its greater solubility in hot water, by its not crystallizing so 
easily, and by giving a violet precipitate with muriate of gold 
.^We have no farther informatiou^with regard to it, and it there¬ 
fore requires more investigtition. 

f Annalcs de Chimifi tom, Exsvi. p. 25S.' 
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present in large proportion. Rouelle md examined that 
of the liorse he found it to afford no phosphorus: it « 
conjoined sulphate and muriate of potassa in considerable 
quantity, carbonate and sulphate of lime, with the pecu¬ 
liar saponaceous extract, or urtc, and a matter which ren¬ 
dered it viscid: and these results have been, in general, 

confirmed by the recent analysis of it, by Fourcroy and 
y • * 

Vauquclin * ; its ingredients, as determined by this ana¬ 
lysis, being carbonates of lime and soda, muriates of po¬ 
tassa and soda, benzoate of soda, and uree. That of the 
cow, according to Rouelle’s analysis of it, gives results 
nearly the same, all its salts having a base of potassa. 
That of the camel he found to contain carbonate, sulphate, 
and muriate of potassa, with urde. 


The Concretions which sometimes form in the kidneys 
or bladder, being derived irom the urine, fall properly to 
be considered under its chemical history. The investi- 
gatioii 6T their nature and properties, is of much import¬ 
ance, at least in a medical point of view, as they give rise 
to ohe of the most painful diseases to which man is sub« 
ject, and it is only by chemical researches that we can 
hope to discover the causes of their production, and of 
course the means by which this may be counteracted, or 
even by which, when they have been formed, they may 
be dissolved. We have now, therefore, to deliver the 
chemical history of UrinaHy Calculi. 


1 


f Memoircs de Plnsui. National, to^* ii. p. 431. 
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Though thescj concretions had Jong been attended tc 
by the chemists, nothing in reality was known with re¬ 
gard to them, previous to the discovery of the uric^cul 
bySchcele. From this discovery, it appeared to form^thc 
basisx>f these concretions, aid from that time the know- 
ledge of this fact regulated all the investigations on this 
subject. Bergman confirmed the discovery of Schtcle. 
Experiments continued to be repeated and divcrsilled oii 
these concretions, and on their solvents : it was discover¬ 
ed, that there existed others besides those composed (d 
uric acid ; and within these few years, our knowledge oi 
them has been much extended, by the researches of Pear¬ 
son, Wollaston, and Fourcroy and Vauquelin, Dr Wol¬ 
laston, in particular, determined the composition of other 
three species of these concretions, besides that composed 
prhicipally of the uric acid 5 and in the analysis by which 
these important distinctions were established, discovered 
the existence of various principles in urinary calculi, 
which it had not been before known that they contained 
And Fourcroy and Vauquelin, by an extensive scries of 
periments, established similar resultsf, and have described, 
with considerable minuteness, the diversified appearances 
these concretions present,either from chemical composition 
or mechanical structure. Tlie result of all these researches 

* Philosophical Transactions, 1^97. 

f CIV!^moires de Plnstitiit. National, tom.u. p. 112, 

C Annales du Museum National, tom. i. p. 93. 

It is blit justice to remark,^haf Dr Wollaston’s dissefta- 
'tion was published in the Philosophical Transactions two years, 
befimt^e memoir of Fourcroy and Vauquelin was read before 
the Vltoch Nati<mal Institute ; and although the experiments 
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is, that the following substances enter i^ore or less ahun# 
tkntly into the composition of urinary calculi: uric acid, 
urale of ammonia, phosphate of lime, phosphate of am- 
m(;(tiia and magnesia, oxalate of lime, silex, and animal al¬ 
bumen, these principles being more or less common, and 
in greater or less proportion, giving rise to numerous va-'’- 
lietics. Hence there is considerable difficulty in adopting 
an arrangement with regard to them, and this requires 
tome observations, before proceeding to their individual 
history. 

The calculi which are by far the most common, are 
those composed principally of uric acid. They are gene¬ 
rally of a brown or yellowish colour, smooth on the sur¬ 
face, and with a texture compact or radiated j they are 
perfectly soluble in alkaline solutions, and give a red cOr 
lour when treated with nitric acid. 

A calculus had been observed, different in its proper¬ 
ties from the former, particularly in fusing by the heat of 
the blow-pipe, into an opaque white glass, instead of be¬ 
ing decomposed. This Dr Wollaston found to be com¬ 
post principally of phosphate of magnesia and ammo- 
nia. 

Another had been distinguished by surgeons by the 
name of the Mulberry Calculus, from its dark colour and 
irregularly knotted surface, bearing some resemblance to 
that fruit; and it had' also been observed, that this was 

of Pearson, published in the Philosophical Transactions the 
year after Wollaston’s, are referred to in that meinoir, no no¬ 
tice is taken of those of the latter chemist; yet they anticipate , 
nearly every thing which the French chextiiiM^s have anviounced 
as their.own discoveries. * 
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Iktle 'affected b| an alkaline solution. Dr Wollaston 
found it to be composed of oxalate and phosphate of 
lime. ^ 

l4$lly discovered one consisting entirely of phos¬ 
phate of lime, of a pale brown colour, so smooth as to 
appear polished, and in its texture very regularly lamina¬ 
ted or composed of concentric crusts, and soluble, though 

• 1 \ 

simply, in nitric or muriallc acid. 

These form four species, under which Dr Wollasfon 
has arranged urinary calculi: 1st, 'Hie uric acid concre¬ 
tion : 2d, The fusible calculus or pbo'^ph.it j cf animonia 
and magnesia: 3d, The mulberry calculus, or oxalate and 
phosphate of lime ; and, 4th, What he named the Bone 
Earth Calculus, as composed of phosphate of lime, whicii 
forms the basis of bone. , 

The arrangement of urinary concretions by Fourcroy 
and Vauquelin, is much more minute and complicated. 
They observe, that in all of them there exists a quantity 
of animal matter which appears to connect their particles ^ 
but, independent of this, which is common to the whole, 
they may be arranged under three classes ; the first con¬ 
sisting of calculi formed of a single substance; the se¬ 
cond composed of two substances; and the third contain¬ 
ing more than two substances, frequently even four. 
Under these three classes might be placed, it is evident, 
numerous combinations; but, confining themselves to 
those which they had actually observed, they have form¬ 
ed twelve species; three belonging to the first division, 

, seven to the second, and twp to the third. 

The following Table presents a view of tliis arrange¬ 
ments ' • 
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It is sufficiently evident, that this arrangement is not 
strictly chemical, since a number of the species are found¬ 
ed, not on differences in composition, but on differences' 
'n mechanical structure. And if the classification of cal¬ 
culi were to be established on this principle, there is eve-* 
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rjr probability tljat the species would be much more nu¬ 
merous than those Fourcroy and Vauquelin have esta- 

* *- 

blishedi for varieties in structure, or in the layers of 
which the concretion consists, must arise from very slight 
causes, and may be almost indefinitely diversified. Hence, ' 
even under a practical point of view, the utility of mi¬ 
nute distinctions from this source must be doubtful. 

• * a 

The classification of Wollaston is more precise, but, 
perhaps, it is rather too simple : And, indeed, he did not 
give it as a systematioarrangement of calculi, but mere¬ 
ly pointed out-tliose which he had examined, and found 
different from the common uric calculus. Yet, the four 
species which he has enumerated, are sulTiciently well de¬ 
fined. If any addition can be made to tht'm, in the pre** 
sent state of our knowledge, it is that of the urate of am¬ 
monia, described by the French chemists, and which, as ot 
determinate composition, must be regarded as a species. 
Under these may be placed those calculi in which these 
ingredients are intimately combined, classing them ac¬ 
cording to the predominating ingredient. And, after these, 

may be placed the mechanical aggregates of these species, 

< 

at least those of them which, from their frequent occur¬ 
rence, .seem to^emaiid some notice. 

Species 1. Unc Acid Calculus. This is by far the most 
common of the urinary concretions. All that Scheele 
had examined appear to have been of this kind. Dr 
Pearson has remarked, that of 200 specimens which he 
had analysed, not more that six did not contain uric acid, 
though he found its proportion very various. And Four¬ 
croy and Vauquelin found among 600 calculi, more than 
150 composed of pure uric acid. Calculi of this kind are 
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usually in fine and close layers, fibrous ox radiated, smooth 

on the surface, though sometimes a little rough, of a yel- • 
* 

lowish or brourn colour, similar to that of wood, of various 

eh^des; their form is spheroidal, compressed, or elongat> 

ed ; their size very various. • They are rather brittle, and 

have a specific gravity, varying from 1.276 to 1.786, but 

usually above 1.500. They blacken withouf melting on 
• » 

burning fuel; exhale an odour similar to that of bone 
burning, and give, by distillation, ammonia and prussic 
acid. They are insoluble in cold water, but when in 
powder, and the water is at the temperature of 212®, a 
perfect solution is obtained, and small crystals are depo¬ 
sited on cooling. They are soluble in the cold in a solu¬ 
tion of pure potassa or soda, and from the solution a pre¬ 
cipitate of a fine white powder is thrown down by the 
acids. Lime-water likewise dissolves them, but more spar¬ 
ingly. In solutions of the alkaline carbonates, they re¬ 
main, according to Scheele, unchanged : according to the 
experiments of Dr Egan, however, they are dissolved even 
by weak solutions, and also when the alkali is super-sat¬ 
urated by carbonic acid *. The weaker acids have no 
effect on them. Even the muriatic does not dissolve 
them. Nitric acid, however, assisted by heat, acts upon 
them, and, as has been already remarked, produces the 
deep red colour which is so characteristic of urk acid. 
In many of them the uric acid appears to be neariy purer 
thus Scheele, in tlk>se he examined, could not discover a' 
trace of lime; in others, however, there is an intermiR- 


* Transactions of the Irish Academy; or Fhilosopbical 
Magazine, vol. xxiii. and xxiv. • 
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ture of other ingredients, particularly of phosphate of 
lime, and phosphate of magnesia and ammonia. 

Species Calculus of Urate of Ammonia. This is 
acknowledged by Fourcroy and Vauquelin to be on^ of 
the rarest of the urinary epneretions, yet they found it 
sometimes to occur, and as it is of determinate composi¬ 
tion, it is necessary to admit it as a species. The calcu¬ 
lus formed of it has some resemblance in structure to the 

a • 

preceding, or consists of layers less sensibly striated, how¬ 
ever, than those of the pure uric acid : its colour is also 
lighter, and often inclining to grey, or greyish white. 
Their form is the same, their surface smooth, sometimes 
brilliant and crystalline, and sometimes the external layer 
is pure uric acid ; they have almost always, too, a nucleus 
of matter different from the body of the calculus. Their 
specific gravity is from 1.225 to 1.720. With regard to 
chemical characters, they are well distinguished by their 
solubility in alkaline solutions, and their giving out, while 
they dissolve, a strong ammoniacal odour, two characters 
which are not found together in any other species. They 
are also soluble alone in hot water, and are rendered still 
more soluble by an excess^ of ammonia. All the acids 
abstract their base, and reduce them to the state of uric 
acid. Heated by the blow-pipe, they immediately exhale 
ammonia, and then present the same appearances as the 
preceding species. 

Species 3. Calculus of Phosphate of Magnesia and Am¬ 
monia. This is the fusible calculus of Wollaston. It 
is to be remarked, however, that it scarcely ever forms a 
calculus alone: it is either, if pure, discharged in the form 
of a white sand, which consUts of very minute crystals. 
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er, when it composes a concretion, it is either intermixed 
with other ingredients, particularly with uric acid and . 
plwjsphate of lime, or it forms layers more or less fine, 
whjch alternate with layers of these, or cover a nucleus 
of uric acid. It is well distUiguished when in these lay.* 
crs, or when it is predominant in a mixed calculus, by its 
lamdlated spathose structure, its white colour, and the 
closeness and fineness of its texture; it is soft and smooth 
to the touch, is easily sawed through, and gives a fin^ 
light powder of a brilliant whiteness. It has a taste mild 
and sweetish, without feeling dry like phosphate of lime. 
With regard to chemical characters, it is distinguished 
by melting before the 'flame of the blow-pipe into a white 
enameU plz^ced on burning fuel, it blackens and. exhales 
an empyreumatic ammoniacal odour, and melts when the 
heat is raised. It dissolves in water sparingly, still, how¬ 
ever, so far, that when the water is boiled on ir and eva¬ 
porated, it deposites minute crystals on cooling. It dis¬ 
solves easily in the acids, even those that are weak ; and 
when a calculus composed of it is immersed in dilute 
muriatic acid, or water impregnated with carbonic acid, 
the phosphate of lime and magnesia is dissolved; and there 
remains a membranous matter in light flakes, consisting of 
the albumen mixed with it. The fitted alkalis disengage 
its ammonia, /rombine with its acid, and separate the mag¬ 
nesia. Ammonia has little effeot on it. By subjecting 
calculi, into the composition of which it enters, to the 
successive action of these re-agents, they may be ana¬ 
lysed, Thus, according to Dr Wollaston’s method, the 
jfltosphate of lime and ammonia is dissolved by distilled 
vinegar in the cold, with scarcely any phosphate of lime. 

T t 3 " 



URINARY CALCULI. 


66fi 

Muriatic acid poyired on the residuum dissolves the phos> 
phate of lime. And, lastly, a fixed alkaline solution takes 
up the uric acid. 

Species 4. Calculus of Phosphate of Lime. From the 
observations-of Dr Wollasipn* it appears, that this sub¬ 
stance sometimes comprises the entire calculus, though 
more generally it is usually mixed with other ingredients, 
particularly with uric acid, and with phosphate of mag¬ 
nesia and ammonia. In the first case, the calculus is 
described as being of a pale brown colour, and so smooth 
as to appear polished ; when sawed through, it is found 
very regularly laminated, and the laminx, in general, ad¬ 
here so slightly to each other, as to separate with ease 
into concentric crusts. It dissolves entirely, though slow¬ 
ly, in muriatic or nitric acid. Exposed to the flame of 
the blow-pipe, it is first slightly charred, but soon be¬ 
comes perfectly white, retaining its form, until urged 
with the utmost heat from a common blow-pipe, when it 
may be completely fused. It appears to be more fusible 
than the phosphate of lime, which forms the basis of bone, 
which Dr Wollaston supposes owing to the latter con¬ 
taining a larger proportion of lime'*. The calculi of 
which phosphate of lime is thc^ basis, but in which there 
are also other ingredients, particularly phosphate of mag* 
nesia and ammonia, and uric acid, are more numerous, and 
are diversified in the appearances they present. According 
to the observations of Fourcroy and Vauquelin, it appears 
in these either under the form of layers, friable, or having 
little hardness, breaking into scales under the saw, of a 


* Philosophical Transactions, 1797, p. S05. 
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greyish white colour, dull, and without any lamellated 
or spathose crystalline form, or, instead of layers, it pre¬ 
sents incoherent grains, friable, and with little induration; 
and, by this dry and earthy appearance, and the dulness 
of its colour, it is distinguished from the phosphate of 
magnesia and ammonia. Calculi of either kind are char¬ 
red by being heated, from the animal matter they contain; 
calcined to whiteness they do not afford lime. They 
are dissolved by the acids even when much diluted, and 
the phosphate of lime is again precipitated by the alkalis; 
they are not affected by alkaline solutions. From their 
state of intermixture, however, they are liable to varia¬ 
tions both in their physical properties and chemical cha¬ 
racters. Their colour is often shaded or veined; their 
texture is even not uniform, crystalline grains of the 
phosphate of magnesia and ammonia being intermixed 
through it; when the two phosphates merely are inter¬ 
mixed, the colour is pure white, and their cohesion gene¬ 
rally inconsiderable; when the uric acid is present the co^ 
lour is darker, and they have more hardness. And, in 
all these, the different ingredients can only be recognised* 
with certainty by analysis. * ^ 

Species 5. Calculus of Oxalate of Lime. This species 
forms what has been tong known by the name of the 
Mulberry Calculus, from its colour and its rough point¬ 
ed surface : the composition of it was -discovered by 
Wollaston. It is usually of a dark brown colour exter¬ 
nally, frequently grey within: its surface is usually uneven,- 
presenting tubercles more or less prominent, frequently 
funded, sometimes pointed, and either rough or polish- 
! it is very hard, difficult to saw, and appears to contist 

T t f 
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of successive unequal layers : it is also the heaviest of the 
urinary concretions. With regard to chemical characters, 
it is less affected by the application of the usual re-agehts 
than any other calculus. The pure alkaline solutions have 
no effect upon it, and the^ acids dissolve it with great 
difficulty. When it is reduced, however, to fine powder, 
both muriatic and nitric acid dissolve it slowly. The so* 
lutions of the alkaline carbonates decompose it, as Four* 
croy and Vauquelin have observed ; and this affords us 
the easiest method of analysing it: the calculus in pow¬ 
der being digested in the solution, carbonate of lime is 
soon formed, which remains insoluble, and is easily dis¬ 
tinguished by the effervescence produced by the addition of 
weak acetic acid, while there is obtained in solution the 
compound of oxalic acid with the alkali of the alkaline 
carbonate : from this the oxalic acid may be precipitated 
by acetate of lead or of barytes; and this oxalate thus 
formed may be afterwards decomposed by sulphuric acid. 
Another method of analysing this calculus is by exposure 
to heat: its acid is decomposed, and by raising the heat 
’ sufficiently, pure lime is obtained, amounting to about a 
tl^rd of the weight of thd calculus. This species, it is 
remarked by Fourcroy and Vauquelin, contains more ani¬ 
mal matter than any other, from which its colour appears 
to be derived, and which gives to it also its hardness and 
dense aggregation : this animal matter appeared to them 
to be a mixture of albumen and ur^e. 

Fourcroy and Vauquelin found in two calculi of the 
six hundre4 which they analysed, siliceous earth: it was 
mixed with uric acid and urate of ammonia, in the nj*^- 
>.:]eU 3 and internal layers. , 
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There is also present in all these, calculi, as has 
been already remarked, a portion of animal matter, 
which has perhaps been hitherto too little attended to : 
it is it, according to Fourcroy and Vauquelin, which* is 
the source of the colour, ipduration, and texture of a 
number of these concretions ; and it appears to have an 
important share in their formation: it is found even 
in those ‘which appear most white and crystalline, and in 
others is contained in much larger quantity : it often re¬ 
mains in floccuU when the other ingredients have been 
dissolved by re-agents: these chemists have supposed it 
to be analogous to albumen or gelatin, with the exception 
of that in the mulberry calculus, which appears to ap¬ 
proach to uree. ^ 

Such are the ingredients in urinary calculi, and the spe¬ 
cies under which they may be arranged. It is only far¬ 
ther to be remarked, that they are still more diversified 
by mechanical intermixture, layers of these ingredients al¬ 
ternating, and forming a concretion. As .such intermix¬ 
tures must be in a great measure accidental, they can 
scarcely be arranged with any precision. Those which 
have been most frequently ol>served, and which are par¬ 
ticularly pointed out by Fourcroy and Vauquelin, are, 
1st, The mixture of uric acid and of earthy phosphates | 
the former generally forming the nucleus, and the phos¬ 
phate of lime and phosphate of magnesia and ammonia 
being either intermixed or in alternate layers; 2diy, Those 
of urate of ammonia and <iarthy phosphates, the nucleus 
of this being commonly the urate of ammonia, and the 
Hyers being the phosphate of lime and phosphate of mag¬ 
nesia ^nd ammonia mixed with it, and, at the same time. 
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someritnes alternating with fine layers of itf or even of 
uric acid ; 3dly, That u£ oxalate of lime and of uric acid» 
the first generally -rccupying the centre ; 4thiyi That of 
oxalate of lime as.d earthy phosphates •, the first forming 
the nucleus^ th^ second enveloping it in different layers ; 
and, lastly, The alternation of uric acid alone or mixed 
with urate of ammonia, with oxalate of lime and earthy 
phosphates; the centre or nucleus being oxalate of lime, 
the intermediate layers uric acid or urate of ammonia, and 
the exterior, earthy phosphates more or less intermixed 
with each other and with uric acid. A farther examina¬ 
tion will no doubt give many more varieties of these me¬ 
chanical mixtures; since, when a concretion is once form¬ 
ed, it appears to serve as a nucleus to other formations, 
winch must be liable to be modified and interrupted ac- 
cording to the diet, the state of the system, and of the 
secreting organ. 

Fourcroy and Vauquelin have given a very good sum¬ 
mary of the chemical phenomena presented by re-agents 
on the usual ingredients of urinary calculi, and by which 
these may be recognised, and the composition of the con¬ 
cretion inferred. In applying a pure alkaline solution, 
the re-agent by which the -analysis is generally first at¬ 
tempted, five appearances present themselves, from which 
such indications may be drawn. 1st, The alkali may dis¬ 
solve the calculus entirely, and without causing any evo¬ 
lution of ammonia i in which case it may be inferred, that 
it has consisted of pure uric acid; 2dly, The solution 
may be equally complete as in the first case, but accom- 
panied with a strong ammoniacal odour : the calculus 
then consisted of urate of ammonia, without any^earthy 
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phosphate; 3dly» The alkali may di<>soIve only a part of 
the calculus in powder, without causing any exhalation 
of'ammoniacal odour; and in this case, which is rare, 
there is indicated a mixture of unc acid and phosphate of 
lime, which the solution separates ; 4di!y, The alkaline 
ley, in effecting a simdar partial solution, may at the same 
time disengage ammonia; and in this case, much more 
common, there are indicated the presence of uric acid 
which has been dissolved, and of pho.'>phate of magnesia 
and ammonia which has been dec imposed; hence the 
undissolved portion must contain the magnesia, which 
may be discovered by weak acetic acid, and the addition 
of potassa to the solution it effects ; while the alkaline ley 
contains the phosphoric acid, which may be precipitated 
by lime-water, and the uric acid, which may be thrown 
down in a crystalline form hy muriatic acid ; Sthiy, There 
is presented sometimes, in the treatment of the calculus 
by the alkaline ley, another appearance,—that of an evo¬ 
lution of ammonia, while no uric acid can be precipitated 
from the solution by the addition of the other acids ; in¬ 
dicating of course the presence only of phosphate of mag¬ 
nesia and ammonia, mixed generally with more or less 
phosphate of lime. The oxalate of lime is not at all dis¬ 
solved by the alkaline solution, but by the alkaline carbon- 
ate§ producing at the same time carbonate of lime, by 
which it may be recognised, as well as by furnishing 
lime, when the calculus has been urged with a strong heat*. 

The investigation of the composition of urinary con¬ 
cretions leads to the interesting question, how far their 
•s - _ 

* Mdmoires de I’Instit. National, tom. iv. p. 125, ISO. 137. 
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solution in the bladder may be practicable^ and by what 
agents thiS) if it can be accomplished, will be best per¬ 
formed. It is sufficiently evident, that being of very dif¬ 
ferent chemical composition, the same solvent cannot be 
applicable to all of them ; jet still there may be a possi¬ 
bility of solvents being introduced adapted to each. 

Long experience has sufficiently established<ehe advan¬ 
tage derived in calculous affections from the use of alka¬ 
line remedies ; and as the calculi composed of uric acid 
are those which are by f^r the most abundant, it is no 
doubt, from the chemical action they exert upon it, that the 
benefit is derived. Where the pure alkali is used, a real 
solvent power may be exerted ; and it has been proved, 
that the alkali is secreted by the kidneys, so as to render 
the urine sensibly alkaline, and even capable of acting on 
the calculus out of the body. Yet the solvent power is 
very inconsiderable, and the remedy, at the same time, 
proves so irritating, when taken to any considerable extent, 
that the solution of a calculus even of small size can per¬ 
haps be scarcely expected. The pain and irritation which 
attend the disease, however, are considerably alleviated by 
their habitual use, and this*even when the alkali is satur¬ 
ated or super-saturated wirii carbonic acid,—.a circum¬ 
stance with regard to which there appears some difficulty 
in giving an explanation, since the alkalis in this s^te 
have been supposed not to act on uric acid. From 
the experiments of Dr Egan, already stated, this, how¬ 
ever, appears to be a mistake; though the relief obtain¬ 
ed from the use of these may also be in part derived 
from the saturation of the phosphoric acid which is liki^- 
wise secreted *, the urine is thus rendered less irritating. 
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and the tendency to a deposition of uric 9cid diminished* 
all acids hastening the precipitation of this acid from urine. 
Lime* under the form of lime-water, has also been em- 
ploy.ed as a solvent; but its use has seldom been general, 
either from the prejudice tha{ it itself entered into the 
composition of tliese concretions, and would therefore ra¬ 
ther favou^their formation ; or from the supposition, that, 
on account of its sparing solubility, so little of it could be 
introduced into the system, that it would have no great 
power. The experiments of Dr Egan, however, have 
shown, that lime-water acts with more energy than an al¬ 
kaline solution of similar strength, in destroying the ag¬ 
gregation of a urinary concretion ; and I observed this ef¬ 
fect strikingly displayed in a comparative trial which these 
experiments led me to make. In a dilute solution of pure 
potassa, a calculus of the uric acid kind was in part dis¬ 
solved, the liquor, after a short time, giving a copious 
white precipitate with muriatic acid ; but the remaining 

calculus preserved its aggregation, apparently without 

« 

much alteration, the external layer having been merely 
removed ; while a calculus of a similar kind, and dischar¬ 
ged from the same person, immersed in lime-water, be¬ 
came in a few days white arid spongy : it appeared at 
length to be entirely penetrated : its cohesion was subvert- 
cd; it presented a kind of loose scaly appearance, and 
^ the least touch made it fall down. The lime probably 
operates more upon the albumen or animal matter, which 
appears to serve as the cement or connecting substance, 
than upon the uric acid ; and in endeavouring to discover 
^ivents for these concretions, our views ought perhaps 
>^athei to be directed to this* operation than to the effect 
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on the saline matter. If lime, when received into the 
stomach under the form of lime-water, can be secreted 
by the kidneys, as the alkalis unquestionably are, it would 
appear, from these observations, to be superior to them as 
a solvent. And Dr Egan likewise found it to be effectual 
in preventing the deposition of uric acid from urine. 

Those calculi which are composed of oxalate of^me,phos¬ 
phate of lime, or phosphate of magnesia and ammonia, not 
being soluble in alkalis, it has been supposed that the use of 
alkalineremedies can be attended with advantage only where 
the calculus consists principally of uric acid, and that the 
solution of the others, were it attempted, must be by the 
action of weak acids. If the view now given, however, 
be just, the use of the alkalis, or of lime-water, may be 
useful, even in these cases, by acting on the animal mat¬ 
ter } and it appears very doubtful, if acids can ever be 
given to that extent to render the urine sufficiently 
powerful from their operation to exert any solvent power. 

Fourcroy and Vauquelin have proposed *, that the so¬ 
lution of urinary concretions should be attempted by 
the injection of the proper solvents into the bladder j 
the uric acid calculus being dissolved, they observe, 
by some days immersion'in an all^aiine ley, so weak 
that it might, as they suppose, be safely injected, and the 
calculi of the phosphates being dissolved by water, in 
whicli there was so little muriatic acid as to give only » 
* slight sourness. From the extreme irritability of the blad¬ 
der, however, with regard to every fluid but that which 


* 
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it ttBuaUy contains» and to which th« stgte of that irrita^ 
bitity is adapted, there can be little doubt blit tha^ this 
^project is altogether impracticable. 

yhe preceding history of urinary concretions apply to 
those formed in the human system. They are also some¬ 
times ^found In other animals; and calculi of this kind 
from the dog, the horse, the hog, and the ox, have been 
examined They have presented the singularity, that 
the uric, acid is altogether wanting, these concretions 
consisting of phosphate or of carbonate of lime with ani¬ 
mal matter. 


SECT. VTl. 

SYNOVIA. 

This name is given to* the liquor which is found with¬ 
in the capsular ligaments of the joints, and which is de¬ 
signed to facilitate the inoti§n>of the articulated bones. 
It was submitted to chemicakexamination by Margueron, 
from whose memoir f the following concise account of it 
is taken. 

It is a fluid extremely viscous, more or less transpa¬ 
rent, and of a ^greenish colour: when it is withdrawn 

* — . .. . 

* rPearson^ Philosophical Transactions, 1798, p. 39. 

^ Fourcroy, Annales du Museum National, tom. iii. p. S04. 
v'^om. iv. p. 32Q. 

j" Annales de Chiraie, tom. xiv. p. 123, 
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from its capsulGi^it becomes gelatinous } b)it after sUnd- 
, ing for some time, it loses this, and deposites a fibrous 
elastic matter. It mixes easily with cold water by agi¬ 
tation, and renders it viscous: i^en the mixed liqui^. is 
heated, it becomes milky, sg;id some pellicles are formed, 
but the liquor remains viscous as before. 

Acids added to synovia, produce a fiocculcpt'precipi¬ 
tate, which is, however, S()6n rcdissolved, nor is ithe vis¬ 
cosity lessened. When the stronger acids are diluted with 
front 12 to 15 parts of water, they still render this liquor 
turbid, without impairing its viscid consistence; but 
when very much diluted, so that the acidity is scarcely 
perceptible, this consistence disappears, the liquor becomes 
clear and transparent, and there separates from it a fibrous- 
like matter. These phenomena were, in particular, pro¬ 
duced by the action of acetous acid. The liquor remaining 
after this precipitation being heated, affords albuminous 
pellicles, and when these are withdrawn, it gives, on eva¬ 
poration, crystals of muriate and of acetate of soda. From 
288 parts of synovia, there were separated by the action 
of acetic acid, 34 of the fibrous*like matter, and after- 
wards, by heat and evaporation, 13 of albumen, 5 of mu¬ 
riate of soda, and 3 of acetate of soda. 

The fibrous matter which is thrown down in these 


experiments, is not perfectly similar in its properties to 
' any known animal principle ; for although it has some re¬ 
semblance, both to albumen and to .fibrin, it still differs 
from both. Margueron observes, that it resembles fibrin, 
or rather the gluten of wheat, with whicll he compares 
it, in colour, taste, and odour, in elasticity and^rjf.n?city i 
but it differs in being soluble ^by agitation m cold water. 
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afidMiidiig precipitated-in flalces alkc^ol^^ 

He eonclud^i perhaps without precisi#f that it is 

in a particular state. '% " - 

^Al^bhol separates alh^men ftom the %^bvia, but hot 

the peculiar fibrous matter^ and hebce the viscidity is not 

impaired, but it immediately disappears on adding acetic 

acid, and a portion of fibrous mattsir is deposited, 
s . ■ ■' 

Synovia affords precipitates With lime water, and with 
the solutions of barytes, strontites, potassa, and even am- 
-jjionia, consisting princij^Ily of the .plwsphate of limd it 
contains ; and from the presence of the same substance, 
it gives a precipitate with oxalic acid. The alkalis at the 
same time render it more fluid, and even dissolve it" when 
it has been inspissated from exposure to the air. 

Exposed to a moist atmosphere, it passes into a state 
of putrefaction, and exhales ammonia. Decomposed by 
heat, it affords empyreumatic oil and carbonate of am¬ 
monia j and the residuum contains muriate and carbbtike 
of soda. Phosphate of linie is obtained from the incine¬ 
ration of its charcoal. 

Margueron concludes, as the result of his analysis of 
this fluid, that it^s composed of fibrous matter 1 
bumen 4.5, muriate of soda HVS, carbonate of soda 7, 
phosphate of lime 7, the remaining^quanflty to make up 
100 parts being water. 


Autrritic ConcUetions, or those deposited' sonfe-* 
times during a paroxysm of gout in the joints, 

•''bably fornied from this fluid, or at least afe depBeitWby 
, They were found by Dr Wdlttou ^ con- 
U*u 
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sSst of urate of goda ; a discovery confirmed by the ex> 
periments of Fourcroy f. The connection of gout with 
gravel has ♦>y» been observed ; and the deposition of 
these concretions probably depeii^s on some cause siipiiar 
to that on which the iornution of urmaiy calculi depends. 


SECT. ViJK 

AMNIOTIC FLUID. 

The fluid with which the foetus is surrounded in the 
amnios, is entitled to notice, principally as having furnish¬ 
ed wh.it Vauquclin has regarded as a new acid.' Ho oi>- 
tained it from the amniotic liquor of tlic cow : this has a 
teddish colour, is somewhat viscid and mucilaginous, has 
an acid and bitter taste, and a faint odour. It redden i 
the more delicate vegetable colouts. 

When this liquid is evaporated, it is covered with a 
scum, in which arc formed some small brilliant crystals i 
and by continuing the evaporation, it is retluced to a thick 
viscid 'consistence like that of honey. If this be treated 
with alkohol boiled on it, a quantity of viscid dark colour¬ 
ed matter, nearly of the consistence of pitch, remains un¬ 
dissolved i when the alkohol is poured off from this, on 
cooling, it deposites btilHant crystals, in the form of slen¬ 
der prism*, dliiriy aa inch long. These crystals are the 

* philosophical Transactions, 1797, p. 
f Avnales du Mueeuoi’NationaL tom. i. p* 100. 
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amniotic add. They may also ,be obtained by reducing 
the liquor to one-fourth of its vohsme by Oraporadon; 
S they are coloured by a small quantity of the animal mat- 
which may, howei^lpr, be abstracted by washing with 
a little water, then dissolviiig and again crystallizing 
them.. 

This acid, discovered and examined by VauqUelin and 
• * 

Buniva *, is white, brilliant; has a slightly sour taste, 
reddens Infusion of litmus, is sparingly soluble in cold 
»water, but more so in warm water, and crystallizes on 
cooling : it is also soluble in alkohol. It combines with 
the alkalis, and forms soluble salts, which are decomposed 
by tho other acids, the amniotic acid being precipitated. 
It does' not decompose the alkaline carbonates, unless 
when aided by heat; neither does it precipitate the earthy 
salts, or the nitrates of silver, quicksilver, or lead. Ex¬ 
posed to heat, it is decomposed, becomes black, exhales 
ammonia and prussic acid, and leaves a bulky charcoal. In 
these properties it has sojne points of resemblance both 
to saccho-lactic and to uric acid ; but the former differs 
it in being soluble in alcohol, and in affprding nei¬ 
ther ammonia nor prussic acid, when decomposed by 
heat; and the latter, equally in its insolubility in alkohol, 
its different crystallization, and the red colour which it 
receives from nitric acid. 

The animal matter which exists along with this acid in 
the the amnios of the cow, has some peculiar 

yhdractersl It is of a reddish brown colour, of a taste 
somewhat saline, and has a strong smell: it is readily 60 - 


Annales dc Chiinie,*tom. xxxvi. p. i’65> ^ 
Uu2 
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luble in'water, t® which it comnnunicates its colour, but 

without any .viscidity or, gelatinous consistence ; it is in- y 

, '* ■ 
soluble in alkoholy which even precipitates it frona'ijt8.^v. 

watery solution. -Decomposed .liy - heat, it affords irfie 
usual products of animal matter, with a considerable quan¬ 
tify of prussic acid i its charcoal, when incinerated, gives 
phosphate of magnesia* Nitric acid disengages from it 
nitrogen and carb micacid gases, without converting it in¬ 
to any acid. It is not precipitated by tannin. 

Wjth these-two principles, there is present in this li-. 

* quid a portion of sulphate of soda, which may be obtain¬ 
ed by crystallization from the evirated liquor, after this 
has deposited the a^Miiotic acid. 

It is'singular, that the human amniotic fluid is altoge¬ 
ther different in its.composition. Vauquelin and Buniva 
could not discover in it any amniotic acid, but found it 
to consist of albumen, and perhaps gelatin, with a little 
muriate and’ carbonate of soda and,'phosphate of lime. 
From containing those princijjles, it is of a mild, saline 
taste, a whitish colour, and a little viscid. It becomes 
still more milky when hea|ed ; acids, render it cleat||j^ 
koltol and also the alkalis separate albuminous flakes from 
it- Infusion nf galls procfuces a copious precipitate; and 
a white psecipitate is formed, by nitrate of silver, insolu¬ 
ble,in nitric acid, indicating the|>resence of muriatic acid. 
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SECT. IX. 

HUMOURS OF THE EYE. 

Tite b'lll of the eye contains three liquids difTeringTn 
iheir pl ysieal properties, though but little in their chemi¬ 
cal nature : the Aqueous Humour, situated in the ante¬ 
rior chamber ; the Crystalline Humour or Lens, occupy¬ 
ing the central space ; and the Vitreous Humour, which 
fills up the greater part behind the lens. Of these we 
had very little chemical knowledge, until, their analysis 
was executed by Mr Chenevix ; from whose disserta¬ 
tion *, with one or two facts from a short memoir by 
Nicholas f, subsequent to that of Chenevix, die following 
account of them is taken. • 

Aqulous Humour. This is a clear transparent liquid, 
of the specific gravity of 10090, at 60° of Fahrenheit. 
When fresh, it has very little smell, or taste. It causes 
very little change in the vegetable re-active colours; a 
little ammonia, which causeg to give a green tinge, 
being apparently produced from decomposition. 

Whai exposed to the air, at a moderate temperature, 
it evaporates slowly, and becomes slightly putrid. When 
made to boil, a coagulum is formed, but so small as hard** 

« * 1 f , 

ly to be perceptible. Evaporated to dj^ness, a rcsiduuni 
remains^-weighing not more than & per of the btigi-, 

1 iquor. , ■ . 

■‘^L.Philosopliical Tran^ijictioua, .1B03» 
t Aujjalesdc Cbhnic, tom- liii.-' 
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ter, the colour is^ removed, and a white substance remains, 
having all the properties of hbrin. 

When the water which has been employed in this ope- - 
ration is examined, it is found, besides the colouriilg 
matter derived from the Wood, to contain albumen, ge¬ 
latin, saline matter, and fat, the last no doubt being ad¬ 
ventitious, the others perhaps being constituent parts of 
the flesh. By heating this water gradually, the albumen 
first coagulates and separates in flakes; if these be re¬ 
moved, and the liquor farther evaporated, it becomes ge- 
latinous when cold ; the fat, during the boiling, separating 
and collecting on the surface. By this simple analysis 
made by Thouvenel, the immediate principles of muscle 
are discovered. i 


Besides these, this chemist obtained a peculiar extract¬ 
ive matter, by evaporating the jelly to dryness, and treat¬ 
ing it with alkohol: the gelatin and saline matter remain 
undlssolved, and the alkohol takes up this peculiar matter, 
which, by evaporation, may be obtained in the solid form. 
It is of a brownish red colour, has a pungent, even acrid 
tiste, and a^ pdour somewhat aromatic ; by being heated 
a little more than is necessary to dry it, it boils and swells, 
l|k{)d assumes the odour ,an# saccharine taste of caramel. 
It is deliqucscenf^ and, when in solution, becomes sour 


.-^'(^'j.exposuxe the air, passing into acetic acid, and dc- 
chatci;»al. Subjected to destructive distillation, it 
y|P^|i;^ater, ammoniti^ and acetic, acid ; and its residual 
crniMuns mipates of potassa and soda, 
boiliqg wa^ on. the muscular fiWe previcmsly 
“washed, the saline matjtsgr" it contains is dissolved, and 
may be-dented in the gelatinous solution. PhosphatV ■ 
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of soda and of ammonia were known tq be thus procivr- 

ed } and, from Mr H -tcliet s experiments, it appears, that 

phosphate and carbonate of lime are also present. They 

are more ainindant, he found, in the muscl^of beef than 

in that of vesd ; and he hence^concludes, ** that the earthy 

matter is more abundant in the coarse and rigid fibre of 

adult and aged ammals, than in the tender fibre of those 
» • 

which are young ; and this seems to be corroborated by 
tlic tendency ‘o morbid ossification so frequently observed 
in aged individuals of the human species *.** In young 
animals, too, the gelatin is more abundant in the muscu¬ 
lar fibre than in those of advanced age ; in the latter^ the 
fibrin appears to predominate. 

When the eutire mu'.cular flesh is boiled at once in wa- 
ter, its principles arc more completely dissolved, except 
the fibrin, which is in part dissolved, hut which partly al¬ 
so forms threads that float in the liquor. In this liquid 
these principles can be discovered. The gelatin and al¬ 
bumen ire detected by the infusion of tanniu; and from 
the presence of the gelatin, the liquet, too, is liable to be¬ 
come sour on keeping, acetous acid being formed. Lime- 
water, or ammonia, produces in it a slight precipitate of 
phosphate of lime : oxalic adt&detects the lime; and, ac« 
cording to Fourcroy;, nitrate of silver indicates the pre« 
sence of muriatic acid: If the decoction be strained iatttd 
evaporated, it becomes gelatinous; and by b^kig boiled 
down sufficiently, it even becomes perfectly solid 
firm, in consequence of udiich it can be prO^rv^ for 3 ; 
h>ng time without injury. Compositiems of this kind, 

\-T----—5^::-—-— . 

. * FhilosophicaiTramactious, 
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^tb tbe addItloiT of aromatics and a little muriate of so- 
t da> form the tabiets of portable soup. 

. The muscular fibre, ui its relations to tlie chemical re- 
£l|gentSi presj^nts phenomena conformable to what we 
know of Its wdmiediate principles. 

When, exposed to the air, it soon becomes tainted, and 
art, length putrid,*—a change which, as Mr Hatchet has 
supposed, depends .principally on the presence of gelatin j 
as Im? found, that flesh, deprived of this principle by long 
maceration and subsequent boiling, is little liable to this 
change. 

\ 

Wlien tbe air is excluded, and the flesh is immersed 
under water, it suflVrs a peculiar, species of decomposi¬ 
tion, in . con sequence of which it is cotivcried into a fatty 
matter like spernaacet^-na iphai^ which is to be consi¬ 
dered under the lustory of the general chemical changes 
tO'winch animal m^atter is liable. 

l^tposed to h^t, it aflbrds all the usual products arising 
from the decohipositicni of animal matter. Bt rthollet, ex* 
arqining the acid which it aflR>rds, found, that it is of a 
peculiar nature: he named itthe Zoonic ; but it has since 
been discovered to be merely tbe acetic. Five hundred 
IpahiS'Ctftho washed musdfli^r fibre of beef, left, in Mr 
Hatd;^t:*s experiineniai,' 108 grains of charcoal, which, by 
“ftit^etatiiHilf aflForded grams of earthy residuum, the 
giWat^ {Nut of which was carbonate of Hme, with a small 
fMBopention ^md a little pure lime. 

'The aci4l deoofisli^ the muscular fibre, with results 
* • 

TWarly the same as those produced by their action on 
fibrin. ^ The action of nkric'acid has in partjcular been 
iil jUnportant. 'Berthollet long ago remark- 
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edy that it caused an evolution of nittogen gas. Mr 
HiiLchet has shown, that washed muscular fibre, acted ea 
by nitric acid diluted with three parts of water in the cold, 
is converted into a substance soluble in boiling water, and 
analogous to gelatin ; the aci4« at the same time, acquir¬ 
ing a yellow tinge; and the residual matter consists prin¬ 
cipally of fat, with a portion of undecomposed muscular 
fibre. 'When the washed flesh was acted on by boiling 
nitric acid, it was dissolved ; the solution was of a yellow 
colour, and a portion of fatty matter floated .on the sur¬ 
face : ammonia threw down a precipitate of oxalate, with 
a little phosphate of lime : oxalic acid, therefore, had been 
••formed. When the recent muscle, without any prepara¬ 
tion, was dissolved in nitric acid, the solution, Vhen sa- 
• 

turated with ammonia, became of a deep orange* colour: 

■I 

it also formed animal soap with the alkalis,—phenomena 
indicating the presence of albumen 
The action of nitric acid on the muscular fibre has been 
more lately examined still more minutely by Foarcroyand 
Vauquelin ; and some important results have been estab¬ 
lished, though only a very confused statement, ofi thi^ 
has hitherto been published f. , 

A mixture of muscular fl?sd, with an equal quantity 
nitric acid and of watery being treated in a matrass, ga^ 
out an elastic fluid, found to consist of nme-tcsriths mti^ 
gen and one-tenth carbonic acid. The residuum consist; 
ed of the remains df flesh, still retaining in ^rt Its 
fibrous appearance, of a * yellow liqUot*, apd of a yellow. 

fr 

^ Fhilosoi'iucal Transactions, 18(K), p. 89i. 393. 
t Anoales de Chimie, tom, Ivi, Nicholson's Jouimd, vqI. auk ’ 
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fatty matter, collected on the surface of the liquor. This 
being removed, and the liquor filtered, the residual fibrous 
matter was found to have the following properties : it gave 
to boiling water a yellow colour, and the property of red¬ 
dening vegetable blues; an,d even after having been re¬ 
peatedly washed, it continued to give colour, though no 
longer acidity. Washing rendered its colour deeper than 
first *, and when diffused in a little water, it reddened 
litmus-paper. Its solution in alkalis was of a blood-red 
colour : acids precipitated it in yvdlow fiak-‘S. Ir feeb 
greasy and pitchy ; has a rancid snieli, and a bitter taste j 
and melts, swells, and glvc.i an oily vapour when heafod. 
By a farther examination, it was found to saturate alkalis,'^ 
so as nearly to disgmse their properties : its combinations 
with potassa and ammonia htliered like soap and water, 
and are not decomposed by carbonic acid. The yellow 
matter even decomposes the alkaline carbonates in the 
cold, with effervescence, and likewise the solution of 
acetate of potassa, with the assistance of a gentle heat. 
From these properties, it might be suspected, that this 

product was not pure, but rather in a state of intermix- 

• * * » * 

, ture; and accordingly, by the application of alkohol, it 

:;.was found to consist of a sMafl quantity of unctuous mat¬ 
ter, which the alkohol takes up, and of an acid, which, 
its colour, these chemists have named Yellow Achl. 
This acid, when freed, from the fat which disguises its ^ 
'pi;ppertie$, is of a ,deeper colour, reddens more strongly 
the vegetable;C^&urs l( it no longer melts, and does not 
^hale the odour of burnt grease, but foetid and arnmo- 
vhiMjal vapours. It combines whh ammonia, which it de- 
its odour. Dissolved in fat, it communicates to 
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it acidity and rancidness. Subjected to destructive distil¬ 
lation, it gives the usual products of the decomposition of 
animal matter. 

^ The combination of the yellow acid with the fat, on 
being again submitted to the :jction of nitric acid, under* 
went.no remarkable alteration, except that its colour 

changed from yellow to white, and its bulk and specific 

^ ■ 

gravity were diminished. 

The acid liquor obtained in the above process was next 
exvimincd. It had a yellow colour; whc.i saturated with 
carbonate of pot:i'>sa, its colour changed to orange : after- 
waids it became turbid, and deposited a small quantity of 
\)range-red powder. Jly distillation, a clear colourless li¬ 
quor, of a rancid tast#‘, cnntainin.g a little ammonia, was 
• 

obtained. On distilling the liquor, without the previous 
addition of carbonate of potassa, a similar polourless fluid 
passed over : what remained in the ret*irt bad become yel¬ 
low by concentration : when concentrated, crystals form¬ 
ed in the midst of a liquor, viscid, and having an acrid 
bitter taste : on thd addition of a little potassa, it became 
of a blood-red colour ; mixed with allcohol, it gave^a pre¬ 
cipitate, consisting of a mixture of sulphate of lime and 
super-oxalate of potassa, lt*gave a second precipitate 
with lime water, consisting of oxalate of lime. After Uiis 
double operation of alkoboi and lime-water on this ccav* 
^ centrated liquor, on being gradually evaporated farther^ 
became converted into a broWn viscid syrup, la b|tt^ 
taste -y which being again mixed wdh alkohol, thr0w dosm 
a copious precipitate of malate of lime, thb tdk^hol re- 
taming disgolvcd a portion of yellow SjCrld, matter. 

From these facts, it is chncluded, ^ use the i^ds of 
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the memoir^ ** That the muscles contain potash, Hme, and 
tutphuric acid, or perhaps sulphur burned by nitric acid: 
That a portion of the muscular hbre, or rather the cellu¬ 
lar membrane with which it is enveloped, was converted 
by the action of the nitric ^cid into oxalic acid and malic 
acid. The alkohol employed in^the separation of the 

> malate of lime held in solution, 1st, A small portion of 

« 

nitrate of lime i Sdly, A very bitter red-brown matter, 
possessing the flavour of walnut rhinds, of which more 
will be $sud hereafter i 3dly, A small quantity of that de¬ 
tonating matter already found in indigo: it was in this 
case obtained by concentrating the alkohoHc solution, and 
seporatingidt by the addition ol carbonate of potash, in the^ 
form of granulated crystals, very inflammable, and very 
detonating/* 

« The dasengfigement of azotic gas, the formation of car¬ 
bonic acid, of fat, of oxalic acid, and of a bitter substance, 
constitute the whole that was known respecting the treat¬ 
ment of animal substances by nitric acid : to this is now 
added the disedvery, 1st, Of a yellow insipid matter, of 
littld aoluhilisy, though acid, and wluch immediately suc- 
ceedf the fleshy fibre | 2d!y, Of another yellow matter, 
soluble,^ahd e^ii»lly acid, winch remains dis- 
BOlved m tSie nitric Itqudt"; fldly, Of an inflammable de¬ 
tonating substance'^ which is also retained in solution j 
4tthly, and lastly, Of the fnrmation'of mahe acid. It ap- ^ 
pearstfimd I*sthen|unionof Messrs Fourcroy and Vauque- 
fin, that the jetfbw and nearly insduble matter is the first 
degree of change prodnoed upon the muscular fibre: it 
passes^ quickly to the second degree of alteration and of 
nculxty, whose product is the ftiore soluble yellow matter ; 
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this, by a third degree of .^Iteration, is succeeded by the 
inflammabie detonating subs^ce, being the third and last , 
term of the decomposing action of nitric acid. The au¬ 
thors of this memoir attribute the succes^re formation of 
these three compounds to the subtraction of part of the 
azote* and of a more, considerable portion,of the hydro-' 
gen ; by this means the proportions o,f thpir elements are • 
changed,*and there remains an excess of carbon and of 
oxygen, which, produces the state of fat and acidky al¬ 
ready noticed. They examined if the acidity of the yel¬ 
low substances might in any measure arise from nitric 
acid} but after a careful investigation, tl^ey were satisfied" 
^that it was in no degree present. The foimation of OiX- 

allc and malic acids, belongs to the white mucous scales 
• * 

of the cellular membrane. Q^mparutive experiments of 
the effects of nitric acid <on the white membranaceous or- 
gans, which furnished plenty of these acids, and: very lit¬ 
tle of the fat ydlow matter, led the authors to this con¬ 
clusion.” 

The yellow principle which they have thus discovered, 

appears to have some relation with dm bile. According 

• • 

to the reporter of these experiments, the red matter of, 
biliary concretions, when s^a^afeed from the bitter green 
matter with which it Is combined, displayed similar pro¬ 
perties with the yellow fibrous matter. A subsrance si- 
^inilar to it too, was obtained from the urine of a person 
labouring under jattn^ce, bf evaporating it, and treating 
it with alkehol. They suppose even* that it is 

the yekaw colour to bilei. V , , 
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OF SKIN> CJ^LLOLAR FIBRE, AND MEMBRANE. 


The soft solids, enumerated ui||er this section, .have 
8'close analogy in their properties, and appear to be the 
A^pie matter imder.Tery slight modiheattons^ or to have 
for their basis Gelatin. 

' The Si;tK, which forms the external covering of the 
animal body, consists principally of two parts capable of 
’^being separated,^nd even possessed of dilFerent chemical 
diaracters; the external thin covering named fhe Cuticle* 
or i^idermis ; and beneath this, a thicker and more firm 
iayerj tjie Cutits or true ^n. Bet^'een these, has been 
also des^ibed by anatomists, a cellular texture, soft and 
^atinpus. 

The first of these, the Cuticle, is nearly; inorganic. 
Wh^^AopaRated from (die other parts, which it may be 
la the living, anim^, by the application of a blister, or 
i^en the sk^.,lt8B detaefied, by maceration in hot 
it appeiii^^e^liTjPttiely thin, and transparent. It is 
jjer^tly &M*olub!ein >atet,*eyen by long boilii\g, a pro¬ 
perty in which it d'#efs from the true, skin, which may 
b;^ dissohhsd : it is.n^,rely'si7ftened, and at length reduced 
Into sma^^parttdes. It is equally insoluble in alkohoh' 
Solutions; Ibf the^j^aiie^,however, dissolve it easily, form- 
kiri^ qf..^s0ap iaction, which we perceive 
vvell exemplified petwe^n these substances, in rubbing e 
litde of an alkaline ley between the fingers,_ the soapy 
Isel being strong Xime, tpo, acts on it as a solvent; 
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and hence the advantage of lime in the<otperation of tan¬ 
ning ; it removes’ the epidermis^ and allows the true ’ 
skin to be {wnetrated with the tanning l^uor from^^aqh'' 
surface. The acids decompose it: sulphuric acid forin$ 
with if a kind of soapy pulp,, and at tl^ same time chars 
it : nitric acid stains ii| yellow. 

The true skin, or CuTis^ is much thicker than the epi^ 
dermis,* and consists of layers inteiiaced : it has consider- 
ible firmness and elasticity. When macerated in water»<. 
it swells and softens, and the blood and other animal 
fluids contained in it ate dissolved. If it be boiled strong* 
ly in water, it is idien entirely dissolved,this solution 
presents all -the characters of gelatin : it is precipitated by 
tannin, and by nitro-muriate of tin ; and, when evapofat* 
e‘d, forms a jelly or glue, more(dv less consistent.. Seguin, 
in bis researches on the art of taiming, had obsetlse^/idiat 
the skin in its dense state does not easily combale 
tannin $ he reganled it, therefore, as gelatin hardened by 
a slight degree of oxidizement % and em this Kypoil^is, 
he explained the effect of some suhstesoesi as the 
acid, in promoting the operation of taimiRg p^hey partia^ 
ly de-oxidized it, he supposed, and thus facilitated its jgrai^ 
dual combination with the tsmnh). Mr ]ftatchet)i 
assigning the cause, has observed also the difi^enc^ 
tween skin and pure gelatin, and likewise the difibreticei 
in the skin of dlflorent i^iinals, jn the jelly o^ |^e they.,4 
afford by boiling with Water., There gradbiti6B,'‘i|ie >' 
observes, from the most firm iii^-consietem U siui#^ 
portmn of which oornmunicatee eisfcidity to Isuttfr, 40' * ’ 
tremulous mpcUage. All of th^ are '^ser^ally 
or possess its chemical propettiee^.; bat Jj^y diifer in the . v 

Xx 
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degree of consistence, which, when they are all in a soHd 
' state, they communicate to water, and in the facility 
^•sHth which»they are acted on by tannin, nitro>muriate of 
tin, nitric acid, and other re-agents *, those which are least 
consistent and eisi^d being dissolved, and acted 04 with 
most facility*. The most ii'xibht skins, he found, al¬ 
ways aiForded gelatin more easily, and of a less vi C'd 
quality, than those which ate les^ flexible ; and in the 
am, the different kinds eF sire and glue are prepared front 
^ the skinil different animals, according to the purpose to 
whiCh they arc to be applied, the skin being well clean¬ 
ed, boiled in^ater until it is dissolved, and die decoction 
evaporated to the due consistence. 

The art of fanning skin, from the operation of tanni^’ 
on its gelatin, has already (p. 292 ) been described. 

ACidh act on skin, and decompose it. The nitric acui 
causes nn evolution of nitrogen gas and prussic acid, and 
a formation of oxalic acid; die skin, or the glue formed from 
it,^di||Olves, and die liquor acquires a yellow colour, which 
shecumes deeper when it is saturated with ammonia. Mu- 
^atic acid dtssoW^^die glue formed from skin, and the 
solution suffers UiO«hange for many months. 

£^in is also SOtnble in Jkaline solutions. The glueo 

^ t 

formed from it, consisting of pure»gelatin, are dissolve 1 
by tlicmj andMrHatchuthas reinarked,that the compound 
is not apepy, as it is, when th« gelatin is not pure but 
mixed with anj||^eint?ratioUs part not soluble in wattr. 

Skih in its moist state id'liable to putrefaction; less so, 
however, the mut? firni it is j and this is ob- 
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served even in a state of solution^ Mr Hatchet having re- 
markedj that a solution of glue is much longer in show¬ 
ing signs of putrefaction than a solution of tremulous 
animal mucilage. 

Skin is'decomposed by heat, and adferds the usual pro- 
ducss of animal matter. • 

The Cellular Fibre, or net-work, the Rete muco- 
sum of anatomists, interposed Ijetween the cutis aitd 
cuticle, has been little examined, and indeed'cannot be 
detached from the other parts. It is the seat of the co¬ 
lour ; and this colouring matter can be acted on even 
through the cuticle, the skin of the negro lleing whitened 
. by the action of oxymuriatic acid, as Dr Beddoes first as¬ 
certained, -though the black colour is resumed in a ahdrt 

* V 

time. 

The Membranes, which compose so large a portion 
of the soft solids, forming the cellular texture, the coats 
of the vessels, and tlie coverings of the viscera, appear to 
be of the same nature. They have similar Jl««tbili||;, and 
they dissolve more or less completely in water, forming 
gelatinous solutions. 


sascJT. 

tendon, ligament. cABiTajfcAoif. ^dlLR'’ 


These, in their physical propeHies^^ we difier^k 
the substances described in the preceding section, pa^i-^ 
cularly in’their greater firrhness and 

*5t *« 
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form s gradation Tiito those which are still more highly 
•in^ii^ted, bone an4 sheH. The chemical constitution of 
them haSf Kowerer, been only imperfectly inves¬ 
tigated, Ligament, tendon, and muscle, it is observed bv 
Mtv Hatchet, seem^lo glide almost imperceptibly ioto each 
* ' Dth^ • they are ijEona^tcd with cai^ilage, as it Is, on tlie 
cipher hand, with hom \ and the basis of all them appeato, 
Ifom Mr Hater’s experiments, to be albumen. I have 
placed them under one section, '< 

,\ij;^rhe ^nuoNS, which are cords or sheaths connect¬ 
ing the. muscles with the bones, have a considerable de¬ 
gree of tougWiess and elasticity ; their texture is fibrous. 
They are .with difficulty acted on-by water. It is said, 
bgvt^er, that |rhm long boiling they are dissolved, and 
itheir sojfotion forms a jefiy or glu^. It is sufficiently 
^b^ble, that they may afford so much gdatin as to form 
d fluid ^jsbut it may be doubted if they are en- 

Vidjdy soluble. / 

connect 4^4 bind the bones together 

vat their artifeularions: they are distinctly fibrous in their 


the possessed 

Wf gfoatiStren^h f^d^^"^ » ^ stretched out, and 

^e^a 4^!ee k ^distiCity* and, aee not easily broken, 
boiled: in water, they affoid *8 portion of gelatin, 
the Water.being tendemth turbid^b^^ of tannin; 

>Wth® fcresu]i»iance W iteven^ 

' bf^lsWims,^f^iW|p With its texture little al- 

thi^rei that its bpsjs is not gela- 
W apj^ra indurated albumen. 

fofinil tW^transition to bon®'* has so 
to. lequrre'thenaertton of some force 
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to bend tt; and in a morbid state, it ti^ten so highly in¬ 
durated as to be ossified. Bone, on the other hand, is in* 
the 6rst stages of its formation and ^owth cartilaginous $ 
it sometimes becomes so, too, from diseased: and a carti- 
laginous matter exists in the hardest bones, and forms 
theh- basis, from which the other ingredients, the gelatin 
and earthy matter, may be removed hy their proper soji- 
vents. 

Cartilages are* solid, but soft and easily out} higlily 
elastic, dense in their texture, white and senu^tsatisparent. 
'rhey cover the articulated extremities of bones, or some¬ 
times form distinct parts. ^ 

The chi^ical projierties of cartilage are not very well 
dcitennined, and appear to vary in diiSlerent cartilages. 
Thus Mi^ Hatchet has remarked, that ** the caitUages of 
die articulations are completely soluble when long boil¬ 
ed with water; but this by no means happens when other 
cartilages are thus treated They are stated, hbwever, 
to be softened by macerjitkm in water, zfid by loujg boil- 
mg to be yearly entirely dissolved. 

'Hie little action exerted ^vpn 'if the *inore powerful 
chemical re-agents on cartilage, is veiy well shewn by the 
fact, that in subjecting a bone to the action of diluted 
muriatic or nitric acid, though the gelatin and the phos¬ 
phate of lime are dissolved, tlie cartilaginous part remains 
undissolved, transpaitei^t, and presenting the figure of the 
hone. ' This residual cartUaguioiift mafisar, it is retoarked 
by Mr Hatclipt, » is not esstiy soluble in dilute achls 3 
for (according to its texture) many weeks, and even 

■ ■ . - .- - 

* Hatchet, Pliilosophiical Transacckus, 18W), p. 
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months may elapssT, before a sm'fttf ^part is taken up ; but 
m concentrated nitric acid, or in boiling dilute acid, it is 
rapidly, dissolved.” 

As the matter of cartilage thus obviously differs' From^ 
,gelatin, and as it is comparatively insoluble and inactive, 
it appears to be Mr Hatchet has considered as inCfu- 

• rated albumen, and which is the basis of a number of ani- 

St^ds. He accordingly states this principle as the 
e$^tial p5iTt of cartilage, hbm, hair, feather, quill, hoof, 
Unil, and shell, v.irying dhly in its consistency from a soft 
J^ly to an elastic, brittle, and hard body like tortoise shell, 
"but in all of trifee of similar chemical properties. From 
experictrents on these bodies, *whicH 'did not give any es- 
sentl^^ifFerenqi in the results,, it appears, that this mat- 
ter. isTsoftened when boilei^ in water, andl'the wafer be- 
c6me$ slightly turbid with nitro-mutiate of tin, but suffers 
no clhiidgo lroni'the tanning principle. Muriatic and sul- 
acids had little *^^ect on it unless h^ted; and the 
, same the with nttriol^d much diluted, oKxn the 
!• state proper toNextraci and sepat^te gelatin j 4>ut if the 
''inamersion id tmlf thl^^ ,acidr was’continued during ^me 

* / * 4^ - ' ' is' O ^ 

weeks, t.he acid g^i^ally: aci^uired a ^yellow tinge, and, 

'' >.L*^ ' ^ I'j t jv ^ * ' j ’ 

. satutSted witham'fnonia, bCcaine of a deeper colour 
having its transpjnency di^ftirbed. ’ The sub- 
stance m^rated, is sdftmd and becomes more transpa¬ 
rent ; il.^medialeiy iminersed ammonia, its co-’ 

lour to to blood red, and 

"J|t^ griduallydissoIve4>^^r|ihg adeep orange or yellow- 
^ brown'taken out of the acid, it is 
.well washed In distilled :iirater and then boiled; it is al- 

a liquor, predpifkted like gelatin 
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Ijy infusion of tannin and nitro-muriate, of tin. If the ni¬ 
tric acid was not •ufficienlly diluted, ox if heat was ap-, 
piled, tlie whole was rapidly dissolved with effervescence^ 
,aiid adiS'f'harge of nitious gas j and the solution present¬ 
ed nearly the same propcities as that with the dilute acid. 

• 

'J'lu* fixed alkalis combine with this primiplc in all its va- 
r.-ties, and foim siponaccous compounds, ammonia be¬ 
ing dilong igi'd dur ng the combination, and charcoal pre¬ 
cipitated. These compounds were decomposed by the 

t 

^dd tion of an acid, and a copious precipitate thrown 
down, soluble in an excess of acid, and capable, with the 
alkali, of again forming soap. This priiii^ic, when dis¬ 
tilled. gave a small portion of water, some carbonate of 
ammonia, a foptid empyreumatic od, carburetted hydro- 
gen, and catboptc acid gases and prussic acid. Its coal 
affords little saline matter, principally phosphates. 

Mr Hatchet was induced to make some coniparative 
experiments on pure coagulated, albumen dried, and found 
them almost precisely the same. There can be therefore 
little doubt, that albumen is the basis of the substances 
above described, existing in tliem, ,with variable* proper- 

ji ft ^ 

tions of gelatin, and soiXKjUnics with pliosphalo and car¬ 
bon .te of lime. 

These earthy salfs do not appear to be essential to tfte 
constitution of cartilage, and when present are lo be re- 
g nded, as Mr Hat;chec has supposed, as extlRiicous or • 
foreign to the composition *. ^ 

I'he chemical nature of HoKn, is very similar to that 
of cartilage *, and, with regard to pliysical qualities, it 


Philosophical Transactions, 1799, 

X X 4* 
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diiTers from it in little except ki its greater degree of in¬ 
duration. It is hardy so as not to be casdjr benty unless 
when^ artificially softened, but it can be easily pared or 
cut i its texture is close and smo(>th, and it is more or 
less transparent, according to its thickness. When heat¬ 
ed, horn is softened, and it is then capable of being mould¬ 
ed into any form. 

Shavings andpiecesof thehornsof different animals,when 
boiled a long time in water, were found by Mr Hatchet 
to afford email quantities of gelatin; dibcovored by being 
precipitated by the tanning principle, and by nitro-muiiate 
of titi: the m^t flexible hams yielded the largest quan¬ 
tity of gelatin, and most easily $ and when deprived of it, 
and allowed to dry spontaneously, they became more ri¬ 
gid and more easily broken: this residual snatter Mr Hat¬ 
chet isegards as indurated albumen. He found farther, 
that they yield a very small quantity of phosphate of hmc, 
^ 60 that it can scarcely be«regarded as an essential ingre¬ 
dient. Thus, £00 grains'of the hom of the ox, afforded, 
after a long continued heat, only 1.50 grains of residuum, 
and of dds, loss lln^ half proved to be phosphate of 
Kme*. ‘ * X 

Those observatiofts appl) to the horns of the ox, ram, 
goaf, and chamois: it is singular, that«the stag's or buck’s 
bora is of a yery differeg^ nature, as is evident from |hc 
piroductsit' has lliseii loqg known to aibrd, when decom* 
posed by heat, uditclKeik^ perfectly analogous to those of 
bone. Mr Hatchet has eedirdingly remarked, that like 


y Philosophical Tranaeetions, 1799,1800. , 
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bane it aiFords much phosphate of limc» and a large quan- 
»tity of gelatin. 

Hoof appears to be not only of a mechanical structure) 
JjuJ likewise of a chemical composition similar to horn $ 
the shavings of ox^s hoof, when long digested in water, 
afFording, as Mr Hatchet found, a liquor which was only 
made slightly turbid by.nitro-muriate of tin. 

The matter of the Nail is in like manner softened on¬ 
ly, by digesting in boiling water for sewral days, and a!f* 
funis a slight cloud on the addition of nitro-nmriate of 
tin. 

Similar results, too, were alForded, in Mr Hatchet’s ex¬ 
periments, by the horny scales of serpents and lizards, as 
well as of certain insects, and by tortoise shell; and 
there can be little doubt that these are of the s^e che¬ 
mical composition as horn. 

Flathcr and Quill, chemically considered, appear 
to be similar to these, and to have the same basis of in¬ 
durated albumen. Digested in boiling distilled water for 
ten or twelve days, they did not afford any trace of gela¬ 
tin by the test of the tanning principle#* but nitro-muriate 
of tin produced a faint white cloud. 

'Even Hair, though apparently very remote from some 
of these substances in mechanical structure, appearn ot 
least with regard to its basis, to he the same, or nearly so, 
in chemical composition. Mr Hatchet found, lhat when * 
it was long digested or boiled with distilled water, it, like 
them, imparted to the water a small portion of gelatin, 
which was pree pitated by tannin, and by nitro-rnttriate of 
♦in ; and when the hair had been thus deprived of gelatin, 
^d ^yas subsequently dried in the air, the original fle^kibi- 
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}ity;^ii elasticity £>{ it was mueh dimini^cd; it was also - 

4 little’^ liable to farther spontaneous change, and had all the 

characters of the matter which Mr Hatchet regards as in- 

darated albumen. Vauquelin has more lately submitted^- 

it to a more minute examination. He found, that though 

insoluble in water boiling -under a common pressure^ it 

may be dissolved iu Papin’s digester, where the tempera- 
' ' ' ‘ 

ture w higher from the pressure being increased,—^a fact 
indeed before observed by Achard. If the temperature 
was raised high in this instrument, the hair even suffered 
'.^Composition, canibnatc of ammonia, empyrouinatic oii, 
taiid 8u}phurel|ed hydrogen being evolved. When the so- ) 
iutiem of hair is thus effected at a high temperature, an 
pily matter is always evolved ; the solution freed of this, 

i 

gfV€h >^pious precipitates with infusion of galls and with 
oxymuriatic acid. It is also rendered tuibid by the other 
acids, but an excess of acidity restores its transparency. It 
docs not gelatinize, even when- much concentrated by 
evaporatiot|, A dilute soluticm of potassa, he found, dls> 
aolves it, hydrp-sulpharet of ammonia being at the same 
time evtdved, wl^|e^; little oil,'di^or, and iron, remain 

• tofldissolved : this alkaline cou(i|yound, according to Chnp- 
tal, fi8 u aoap. TW acids !bo,*gradually dissolve and de- 
ItfMSpose k, nearly with the same results as are given by 
jUialogous animal suhst^N^a* Aikohol digested on hair, 

• extracts #portiqiU of oS^^or rathet two?oily fluids differing 

in their according to the colour 

the hair itself* From^bltklc hair, there first separates, 
as the aikohol cools, an oily matter in white scales; and 


afterwards, on evaporating the oil, a concrete dark colour¬ 


ed oil; from ried hair there are obtained, in n similar nv.m' 


0 
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Her, tirst a white, and afterwards a red^ oil: the, co- 

SQur of the hair seems to reside in this oily matter, and al- 

so, as Vauquelin sy poses, in the darker coloured hair, on 

f.ulphuretted iron. He found hair, on incineration, to af- 

foril phosphate, sulphate, and carbonate of lime, muriate 

of sbda, silex, and oxides of iron and manganese, the whole 

amounting to a very small proportion of ahe hair, and vary* 

• _ • ' 

ing in hair of different colours. V\ 

The structure of hair appears perfffctly close, and 
its cxternvil surface, even whenvview|^ with the micros¬ 
cope, smooth. Yet, as Monjie has MR^rved, it is certain 
that the surface is not equally smooth when rubbed in 
different longitudinal directions, but is composed either of, 
scales like those of fish, or imbricated zones like the hornsf 
of animals ; hence its tendency-to be entangled:^ aind on 
the s'ame property is founded the art of felting hair, subser* 
vient to that of hat making. The details of this art are 
very well stated and explained by*Chaussier *, arid in a me¬ 
moir by Mr Nicholson to-which some facts have been 
added by an anonymous correspondent 4:. 

Wool is to be regartterd m^erely as ^^ner kmd of hair. 
It has not been examined with much minuteness, but it 
possesses one characteristic pifeperty of what .Mr Hatchet 
regards as indurated albumen, a})d as the basis of all tho$e 
substances, that of forming a soap with alkalis. It has 
this even in so high a degree, that some* years ago it w^s. 
proposed by Chaptal, to heuemployed as a substuute for 
pil or fat in the manufactuta of soap ; woollen rags or 


* Nitliolsoii’s Journal, 4to, voL i. p. 399. 

•f* Ibid, voL iii. p. 23.* % Ibid.p-.- 73. 
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TOd 

cli|^mgs of wool being boiled in an alkaline ley to satU' 
4 ration i tbe product is a soft soap of a grey colour, solu., 
ble in water, and possessed of sufficient detersive power*. 
It has not been establisihtd in use, parSy as it gives a grey 
colour to the thread or doth wlniJi is difficult to remove, 
and hence could not be applied to linen, and partly from 
its Very disagreeal^^e smell, which is only imperfectly re¬ 
moved by long exposure to die air. It is not improbable, 
however, that it%jay be used with advantage in cleansing 
’ wool previous to^S^iog; and from the observations of 
Chaptal, it is prolMle even that it may act as a mordant. 

From the Experiments of Berthollet it appears, that 
wool acted on by nitric acid aiFords oxalic acid and a fat¬ 
ty matter; the same products, with a less proportion,of 
ttic former, being afforded by hair. He found too, that 
wtkif is dissolved both by stilphuric and muriatic acids, 
Emmonia being formed, and charcoal deposited. 

With the substmoes,the chemical history of which has 
now been given, may'lastly be associated Silk, as strict¬ 
ly connected with them in properties and chemical reia- 
^ferei^Jof silk ^re ej^hn by the‘caterpillar of 
^^leeies of phaleniai the PhalEna bombyx, a native of 
CStifii* silk wotius, howe#Cr, have been naturalized 

' M ar nEmfeelrof couittries. The silk is inclosed in two 
small bags, in very 6fie of diffierent shades of colour, 

‘ from more or leES faint yEllow or red, shin- 

, ing is naturally covered, and 

from which it likewise deices stiffiness apd elasticity: 
this varnishes sdfuble in water, biit not in alkohol; and 

i ^ 

■ J -1^ -■ ---I I- T — .-«■-— > 

> ^ Kichoiljon^s Journal, 4to, voi i. p. 40. 
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• ^ts watery solution gives a precipitate ^with tannini and 
^^ith several metallic salts. The colouring matter appears 

also not to be essential to silk ; it is soluble In alkoholf 

* 

and approaches in its properties to a resin. To adapt it to 
use, silk is freed from these fot^ign substances, principal* 
ly by the action of weak alkaline leys, soap, alkohol, and 
diluted acids, and especially the muriatip acid diluted with 
rtlkohol according to the process for bleaching silk, dis¬ 
covered by lleaumd 

Silk is not soluble in water, even at a boiling heat: it 
is equally insolubic in alkohol. The alkaline leys dissolve 
and at the same time decompose it, ammonia being evolv¬ 
ed. The acids erode and dissolve ill Nitric acid renders 
it yellow, disengages nitrogen gas, forms prussic acid, and> 
according to Berthollet, oxalic acid, with a portion of fatty 
matter. This action was more particularly examined by 
Welter f ; and he discovered, that, by the repeated distil¬ 
lation of nitric acid from silk, peculiar matter,'which 

lie named Bitter Principle, was formed : i.t is of a gold-’ 

< 

en yellow colour, soluble in water and in alkohol, capa¬ 
ble of crystallizing on ccioilng, inflaniiiiiable, and havipg a 

f * 

very bitter taste, and which appears to be the same sub¬ 
stance as the yellow bittef act’d more lately described by 
Vauquelin, and alri?ady tiotiped, as formed by the action 
of nitric acid on the muscular Ebdfe.' 

S' 

Bilk is decomposed by heiit, and adbrds the usual pro¬ 
ducts of animal matter. The pifoportion of earbon^e of 
ammonia is very large. ' , • 

. ^ 

> * Nicholson’s Journal, 4to, v.ob'i. p. 32, 

t Annales de ChirrfJe, tom. xxix. |fc’801.. 
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“ The si&'Worn) forms an acid liquor, which was imper- 
fectly examined by Chaussler. On the supposition that^ 
it was a particular acid, it received in the new nomencia* 
ture the name of Bombic Acid ; but there is much reason 
to suppose, that it and son^ other acids formed by insects, 
as that by the ant, which has been named Formic Acid, 
sure acetic acid slij^tly disguised. 


SECT. Xlll. 

BONE AND SHELt. 

The, substances to be described under this section are 
distinguished by the large quantity of earth.y mattet which 
enters into their composkion, and communicates to them 
solidity, hardness, and other chameters ; phosphate of lime 
being predorninant in bone, carbonate of lime in shell, 
tlic^h each frecj^ently contains portions of both these 
earthy salts, and sometimes phosphate of magnesia. 

BpNE^ ifhich composes^he^mOsf solid a-uJ hard partoi 
the anhnal frartic, giving figure’ to th? whole, and serving 
as the supp^t of matimt> and the covering with which 
■many of the organs are protected, presents some varieties 
of structure, sttid stilt greater diversities of form In gc- 
net^lih tbe bonetjappeidr to be composed of latnince in nipre 
^or less perf^'idhesioii. Flat bones are dense tow irds 
tl^*?euTfaoei while, . ii\ the middle or inner par/, the bmi- ^ 
statute,. m the texture fs spongy. In the long cy- 



lindrical bones, the external surface is li|fcwlse dense; but 

* 

^wards the inner part the density is diminished, a spon¬ 
gy or cavernous structure is apparent, and there is a car- 
Iiy, in which a matter of a fatty nature, the mar?ow, is 
contained ; and a portion of this appears even to be diffus¬ 
ed .through the more dense part of the bone. Externally, 
i]ic bones are^covered by a membratl^, the Periosteum, 
and they arc penetrated by blood-vessels, absorbents, and 
nerves. 

Bone admits of a very simple analysis, by which its im- 

rnedi.'tc principles arc discovered. When boiled in water, 
* ^ 

the decoction is found to contain a considerable portion 
of gv'latln, arid, if the boiling has-been long continued, 
even concretes into a jelly on cooling. If the bones be 
previously rasped, the cjiUintity of gelatin obtained is much 
larger ; and in this way, as Proust has shewn, bones may 
be economically used to prepare a nutritious article of 


diet 


If a piece of bone be 


digested in diiute muriatic or ni¬ 


tric acid, the gelatin .nut the earthy matter are dissolved, 
and there remains itt length a firm cari^^ginous substance, 
presenting the figure of the bone. By this expciimeht, 
then, cartilage-is proved C& bt?a constituent 0(^,l^one. 

If bones be calcined in an^open fire, the animal matter 
they contain is decomposed and burnt out \ they S|yon lose 
their charred appearance, and are at length converted ipto 
a white earthy-like st^bstance, still retiuping the figure 
and even ihp, structure of the bone. This is what the 
chcir.ists formerly considered as the earth bones, and 

4 

—--- - -- - 

V 

** NieUolaoids Journal, Hvoi 100. 
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of the nstture of .which they were ignorant. Gahn and 
«Scheele discovered it to be phosphate of lime. It is like^ 
wise separated during the decoction of bone in water, 
especially when the boiling h^s been performed under an 
Increased pressure^ by which the temperature is more ele¬ 
vated^ the cartilage softened, and the gelatin completely 
d^Solved; and c^^al^o .be dissolved by tnl action of an 
acid on bone. 


DuriUg the boiling of bones in water, a portion of fatty 
matter s^arates, and ctdlects on the surface. It is un¬ 
certain, however, how far it may be derived from tlio 

' ' 4 -; ^ 

marrow mechanically diffused through the bone, and cau 
perhaps scarcely be oimsidered as essential the bony 
matter. 

» 

By these e^^periments, then, bone is proved to consist, 
independent of this unctuous matter, of gelatin^, cartilage, 

■ and phosphate of lime. Some other principles appear even 


to,jbe' contained in smaller quantity. Carbonate and sul¬ 
phate of lime ate found in burnt bones; a little carbonate 
exists in the recent bone.; but the greater part of it found 

;; i|a, th4.bttttit boin^s well as t^e sulphate, appear to be 
' t , " . 

||^ducta<jof ihd combustion, while the phosphate of lunc 

‘ h eviden^l^^^essential ingred!f^t. In the bones of tl.e 
inferior'andiEnal^ phosphafe.^f 'magngs'a has been disco¬ 
vered Fe^croy and Viauquelin, while they could dis¬ 
cover no trace of it in human boOes; a singularity which, 
they obseirvfprobity ^onnedled with the fact, that 
phosphate of' msjgneaia U contained Hn the urine of man, 

but not in other 'animals; that, therefore, this 

, »' , ' 

earth is disefatj^ from the Human system by .this exer‘2' 
tion, instead cfwing deposited in the bones. 
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The proportions of these principles must differ in hones 
different states : in the bones of young animalsj the ge- * 
latin and ca^rtilage are in larger proportion than in more 
advanced age. The quantity of gelatin extracted by boil¬ 
ing in water is from 25 to 50 from 100 parts, and the re¬ 
mainder is principally phosphate of lime. Tlie phosphate 
of magnesia is always in Very small <|giantity, not exceed^ 
ing two in 100 parts. Ox-bone, according to an analy- 
sis^ given by Fourcroy and Vauquelin, consists of gelatin 
51, phosphate of lime 37.7, carbonate of lime*'l0, phogi- 
phatc of magnesia 1.3 Fish bon^S) according to Mr 
Hatchet, contain more cartilaginous matter relativfe to the 
l phospha^ of lime than the bones Of quadrupeds. 

\ llie following table has beenigiven by Merat-Guillofi 
of the composition of the bones of different animals, 
and some similar substances, the proportions being refer¬ 
red to 100 parts f. 

_t_ 

V * * • 

^ Nicholson’s Jsurnal, vol. viii. p. 87. 
f Aimalcs dc Chimie, tom, xx^fr. p. 71. 
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I 


^ Proportion 

* . of Lime. 



Human bones from a 
burying-ground* 16 

Dtjl^ilMiman bones, 

^ ^chdiad'notr 
mained in the ear 


B6ne of'tne'ox 
of calf 
— of, the horse f ^ 
Teeth of the horse, 

. j df the ele|^hant, 
or ivdry 

i^one of the ^eep . 


i——* of the hart 27 

,ip- of the hog ' . 1*7 
;£S^;'i>|\he haire , I 3 
l£i-L",ifthe chicici|';’^‘ '.6 


: 

27" 
17 . . 

ii 

3'^ 


93 

54f 

67.5 

85.5 


70‘ , 
90 

'57.5 
52 ‘ 
95 

72' '■ 

2 


Mother of 


'A 

12 / 
t) ,.4t5 

. 2he6'^gti6a5.; 

-■ 

„ , 2 :*;^ (f 
'", 4 ''”'' 12 ' 

' l.S 0 
0 

8 


1.25 

0,25 


1 

j 

1 

1.5 

72 

1 

. . 0.5 
0.5 
40 
66 
60 
‘ 50 
53.5 

r? 49 
68 


23 

23 

4B.5 

17.5 

28 


Oi ti 
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Prom the composition of bones may be better under¬ 
stood the changes they suffer from heat, or from the opet*, 
ation of re-agents. 

When exposed to heat in close vessels, a very large 
quantity of carbonate of ammonia, with a portion of foe- 
tid oil, are obtained from the decomposition of th^^g^a- 
tin } and this process is even folIovtT'^ on a large sc^s, to 
procure the ammonia. The water which distils over, con¬ 
tains.also, according to Fourcroy, a little prussic aiid s^l>- 
acic acids saturated with ammonia, and carhpnic acid : 
carburetted'and sulphuretted hydro^^ gases are disen¬ 
gaged during the distillation. When heated in an open 
fire, the oil they contain is melted, appears on their sur- 
^face, and is converted into vappur, which burns ivith a 
foetid odour i.the products of the decomposition of the 
gelatin and cartilage being at the same time disengaged. 
The bone retains still its figure ; is charred ; but by con¬ 
tinuing the application of heat,^with a free current of kir^ 
it may be* burnt perfectly white, 04r thefe remains merely j 
the earthy salts of the bone. ;Thi^, forms a porous* mass, 
which cannot be vitrified but by a vj^ intense hCat^ . ' 
The analysis of burnt bones is effected hy the agency 
of the acids. When thdttcid^is ad^ed td the bnmt bone 
in powder, a lively ^fferve8C|nce is exci^, f|tom the dis-' 
engagement of the carbonic acid of the carbeaiate of , 
the gas has, at the game time, a pungent smell, which ni^;^ 
been ascribed jto^the presence pf prpssic acid, ^.stilphhric 
,*acid has been employed .in the: decomj^sition, a large 
quantity of Sulphate of lime is formed, andf^ ssq^er-phos-* 
phate of lime is produced, soluble in water|fed therefore 
off by washing,—process hag been al- 

;Yy2' ■ *-L' 
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ready remarkedi is followed to procure that acid, for the 
«pf^parationof phosphorus. If, instead of sulphuric, nitric^ 
acid be employed in the analysis, the corj^ti^uent parts of 
die burnt bone are better discoYered. It is entirely dis- 

V . " 

solved ; the ca-r^nic acid of the carbonate of lime con- 
the burnt bone is disengaged during the sol-u- 
^oir,, and may be o^lected; the phosphate of lime, ac¬ 
cording; to the mode pf analysis Hr t employed by Sclieelo, 
may be at Jeast partially decomposed by sulphuric aciti, 
sulphate of Hme being pre^pitated, and ^osphoric acid 
remaining with tli^^/tric acid and part of the lime. Ac¬ 
cording to a mo^ exact method, the phosphate pf lime 
may be ^recipi^ted by t^e addition of pure ammonia : by 
adding to the residual li^iAor nitrate of barytes, sulphuric 
a^d is detectie^ i and from the quantity 6f precipitate, the 
propoi^ihn of ^plphate of lime, from the decoihpositibn of 
Vhich it,had originated* may be inferred; andvto discover 
t|td^^tity of lime which had been combined with the 
|.Ci|U'bbi^^J4dd^di^ng^Jgd^ during the solution, Mr Hatchet 
; ad4^d««l^hcNi}at€^'.ofai>d obtained a precipitate 
j pf 'Jin1i|^a method not altogetheir unexcep- 
precipitate;,might in paft at least arise 
^ice^ibf ^ o^rafi^' of a complex. affinity 
of liihe ihigohMibn | or# where this had 
|eeti decompi^lfed by a ^rcjjnqu* addition^ of nitrate of ba- 
s,'finm the mitrate ol^^imie which .must thus have re- 

' W I '' , ‘ i. , > . ^ 

friained.,jb|^e^Ifl^br^ prod^d, however, 


’ Mr greater than.the quanti- 

tyof by the precipitation by b»- 

ryte%'^ylld^’jpive'jE«uraite^ ; and hence, as well as from 
''),rhe ^ Cfchoaie acid during the solufv'^-T 
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the existence of carbonate of - lime in the bnrnt bone is 
demonstrated. The phosphate of magnesia, which Fou¥* • 
croy and Vauii|uelin discovered in the burnt bones of the 
inferior animals, was detected by precipitating tlie liquor 
obtained by washing the qai^ture of burst hones and sul¬ 
phuric sicid, whicli had stood for some days^ by amnl^ia, 
adding the ammonia in excess, Th||'precipitate consists 
of phosphate lime and pliosphate of magnesia and srai- 
monia : to separate these, it Was boiled irf a solution of 
potassa, which disengag:‘S the apitrhonia, and attracts the 
acid of tlie magnesian-ammoniacal phiesphatc, leaving the 
magnesia mixed with the phosphate of lime. These are 
separated by boiling them in ace^us acid, which dissolves 
the former, leaving the latter uttdi^solved : from the solu¬ 
tion of acetate of magnesia, the magnesia may be presci- 
pitared by carbonate of soda ; and the carbonate.|OT mag*» 
nesfa, if free from lime, will form a transparent soluuoti 
with sulphuric acid ^ v - -s 

The sulphate and cajbonale of, lime, indicated by tlie^ 
analy$is in calcined bone, or at the greater, part of 
them,'" mayi’^' has been airpjnjy reiharked, be products pf 
the calcihatioti, ^d not cotisdtueiit paitsiof ib.e bone.’ In . 
tlie bony matter, there pfbbaCly cadets mor^ lime^an the 
phosphoric acid can saturate;; carbonic and sulphuric acids 


will be formed during the cal'cUtatlon of dbe bone, Cro'IW||.;;^ 
the decomposition' of the animal maker, of which iife' 
bases of these acids at4* elements 5 and tlief acid^ thus 
formed w'ill iDc attracte.rf'^% the e^ceg¥ of lime.^ A por- 
tion of carbonate of lime is indeed thd^ate^m rec(^ 


*' 
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Jbor.e by Mr Hatchet’s experiments, a slight effervescence 
* attcTiding Its solution in ai^ acid ; but the quantity ap¬ 
pears to be inconsiderable, and by M^i4t-Guiliot it 
stated, in the bones of land animals, to amount to not 
more than 1.5 in. 100 parts.f., ' 

il^ entire quantity of lime and of phosphoric acid 
contained in boncs^ltnay probably be best determined by 
the method pointed out by'Fourcn^y arid v liiqnelin,—pre- 
cipitatioa^f Ihe lime by'pfalic acid from the solution of 
the calcined bone in diluted nitric acid. Tlie liquid may 
be evaporated, and.^y a strong heat the nitric acid expelled, 
leuv ng the conidretfc phosphoric acid ; or the phosphoric 
acid may be precipitate by acetate of lead. 

The acids, as has already been remarked, act on recent j 
bone, dissolve its eai^hy matter and its gelatin, leaving the 
dartilii^hous part undissolved •, and' from this solution 
phosphate oT lime may be precipitated by ^ albiH,—a 
prbdf of its previous ^iswhee' in th# bone. 

,,T!ie alkiiis have scarcely any |ffect bn the earthy mat- 
ter of bones;; but they dissolve their '^latinous and oily 

/ ''^he earthy substance of bd^esi'it h^b^n already fe- 
inatked> has k Stron^ttractioli ’to some varieties of co- 
louring matter jVand hence bones* ol a living animal 
,. be tinged' by such colouring substsmccs mixed with 

^I’yli^ir'food. ■ ' ' , ' 

'' Bdnes aire noi%ucfi: li!ib||*'SK spontaneous decomposi- 
"tldn j even fhV atff«i4%attCT^ihby contain sufT^ little 
^<$ange. for a ferji^totg period ; the re-action of its elem- 

'■ ■' ■' ' a.:--.-. 

■ *" y 
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«nts, as well as the action of air and I^umidlty, being itt 
y a gr«a|; measure prevented by the solidity communicate^ 
by the jphosphate^of lime. 

Fossil bones, or those which have been) long buried in 
the earth, and have in consequence undergone some 
changes, particularly from the infiltration of .carbon^t^of 
lime, were examined by Mr Hatchet. The animal mat¬ 
ter ap’peared t(#1iave been completely removed } and the 
phosphate of lime remained intermixed wi^ the carbon¬ 
ate of lime which had been introduced s the latter sub¬ 
stance, by its chemical agency/'probably having contri¬ 
buted to the decomposition of the qnimal. matter. 

The body of the teeth of aniipals is evidently bone^ 

. and accordingly, it has been found to present the same 
chemical results. It dissolves, Mr Hatchet remarks, with 
a feeble efiVrvescence in dilute nitric acid, leaving its car- 
tila^inous^basis retaining even the shape of th€ tooth. But 
the external covering or Ena^jeLj is somewhat different. 
Mr Hunter remarked, .that wlie'n 4|pmcrse4 in an acid, it 
left np cartilaginous part,—an observation confirped by 
Mr Hatchet, vitho likewise foiind, that when exposed to 
heat, it emitted little or no.smoke or empyteumatic odour. ; 
Josse, i/i bis examination'of the te^h, obtained the same 
results, and, wheg boiled in water, the dppoction gave 

s- V 

SO slight a precipitate with tannin, as scarcely to indicate', 
the presence of gelatin ; neither was it,at all softened 
boiling in water under ipidreascd pressure *. nit appears, 
thepfore, to be nearly de$1;ltute of matter.^ Ii^ dis- ; 

Solves readily in’acids, w'ith a sltg^ O^ervescence, as DjC 


lslijhjol»on*8 Joinrnal, 8»o, ' 
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Blake Tem^ked,.and Jo^se has confirmed^ aijd appears. 
<||ierefore to consist of phosphate, with an intermixture of 
carjbonate of lime. 

The f>Tesence of huoric acid combined with lime in the 
enamel of teeth w^$ announced by Morichini, an Italian 
che^st* He first observed' it in tlie enamel or outer lay> 
er of4the fossil teeth of the elephant, which he found to 
be composed almost entirely of fiuate of JUt&e, while the 

body of the teeth was, composed of phosphate. And on 

.1 ■* 

^tefwards snbmitfing the^enaipd of human teeth to the 
same trials, he found, that it too contained a large pro¬ 
portion of fiua^eitr vapours of fluoric acid being eshaK\> 
when the enamel was acted on by sulphpHc acid. . G.iy 
Ijissac so far confirmed this discovery, as to prove th;. 
existence ..of fiuate of lime in ivory, copious vapours of 
fluoriO'^a^ being exhaled fri^ it when concentrated 
-sulphuric Was pouffd t^on it And with this^thc 
in«& recent experiipents^of Fourerpy and Vauquelin a- 

Thejse have beep unable^ however, to 

* # 

discover the flootic acid m the enamel | .;ind Mr Brande 
foupd, that ^hen this substance is jxubjected to 
j^e jacti^ of acid aided by heat, no,vapours but 

of sulphurous sulphu4<;,acid are exhaled 



The Shells with winch the bodies cS many marine, 

?■' * I* V * * * 

^’and also a numbet of land animals are covered, are ob- 
"yiousiy an^Qgo|» m thehr^ stfupttfre to' bone. 1 


JBhitoliOi^^f'Magazme, vot. xxiii. p. 261'. 


t^^b^di vc^ xxv. pi ^65. 

'■4vol. xi*h p. 2H-. 



' therefore interesting to determine^ how far shell is simihr^^ 
^ bon^in its chemical comisosition. The getietal 
^ ence between them was kr.own ; for, while* phosphate-of ' 
lime is the basis of the one, it was known, that catenate 
• of lime exists in much larger quantity in the other. Mi • 
Hatchet undertook the examination of this subject, 
as the reaplt of it, established, that fhell and hone, in their 
d!}T‘]V'i)t variettes, constitute as it were two genera, in 
botii ot which diiimal matter is contained, but in the one 

4 

this is indurated by phosphate, in the other by carbonate 
of lime ,5 and these are connected by a certain oltter of 
sub'.taiices,—the crustaceous coverings of cerraio marine 
animals, and likewise some of the species of zoophytes, 
ill which, with the animal matter, are intermixed variable 
proportions both of carbonate and phosphatq of lime. 

In Mr Hatchett experiments, the shell submitted to ex¬ 
amination was immersed in acetous acid, of nitric acid di¬ 
luted with four, five, or six part* of water. The carboh- 
ate of lime was precipitated by the; catbonate of ammo- - 
nia or potassa; arid phosphate of lime (if present) was 
previously precipitated by piyre^ ammoniai If any other ■ 
phosphate* as that of soda,' was suspected, it was disco- 
vered by acetate of lead, * * 

The greater number of marine shells, he dbsevves, are 
of two descriptions, either of a porcellaneous aspect, wkh 
an enamelled sufjface and fibrous texturei V they 
posed of the substance called Nacre or Mother of PeaTl,' 
The.first kind^ dissolved in the acids with'strong efferves¬ 
cence, and liielr solutions airoided 'tto .trace whatever of 
^ phosphate of lime, or of any other ,comtoatioi^ of phos- - 
p^i^acid.' They contahied or%'ital?b'ei)i^e‘of lime; 
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and the animal matter which acts as a cement to thiSf and 

which Mr Hatchet considers as albumen in variQV5 statci^ 

of induration, is in small proportion} hence, when the 

shells are ei^posjd to heat, they exhale little empyreuma- 

tic animal odour; tliey emit no smoke : and when dig- ■ 

1 

solved in acids, little or no vestige of it can be discove¬ 
red by any llocculent or gelatinous residuum. 

Ill shells of the other description approaching to nacre, 
the earthy matter is also carbonate of lime, but,is present 
in much smaller proportbn, while the animal matter is in 
large quantity. Hence these shells give much smoke, 
and a strong empyreumatic odour, when exposed to heat, 
and wlien acted on by acids, give out less carbonic acid, 
and leave a large quantity of a membranaceous or cartila¬ 
ginous residuum, retaining often the figure of the shell. 
This substance often constitutes a large part of the shell, 
as in that of the oyster or muscle, and is so much indura¬ 
ted as to be no longer galatinous; and in all the shells of 
tliis division, it appears to be dejiosited in layers, each ha¬ 
ving a corresponding co^t of carbonate of lime. Mother 
of pearl itself, and liltewis^ pearls, were found to be of 
similar strucilire and composition. Their waved appeat- 
ance and their irldciKencd', are'evidently the effects of tins 
lamellated arrangement, and of the nebulous semi'tranr 
parency of the substances composing it. 

An extensive c|ias$ of substances,—the xoophy tes, com-^ 
prchending the Varieties of madrepore, millepore, tubiporc, 
were found to cemiidt ^ewtse of carbonate of lime with 
animal membrane.", 

* Mr Hatchet <ouiid, that the substance analogous 
fiheh, coyw* marine animals, 



echini> crab, lobster, &c. is of different composition* It 
iiflieed the same cementing animal matter, but with 
this were united both caibonate and phosphate of lime, 
forming therefore a pbstance intermediate between bone 
^nd shell. The shells of the eggs of birds were of simi¬ 
lar composition ; and even some of the zoopl^tes, as va¬ 
rious species of isis, gorgonia, &c. gave indications of 
pliosphue of lime bemg intermixed with the carbonate: 
whicii they were principally composed. - 


SUT. XIV. 

iAT. SPIRMACEII. SEBACiC ACID. 

Fat appears to be a peculia’*, secreted matter, as no 

traces of it can be discovered in the blood. As it esist<< 

% 

in the an mal body, it is nearly fluid, and is retained in 
<listiuct minute cells : after death it is found more or less 

• t 

solid, and its solidity varies in different animals. To pro¬ 
cure It free from the animSl fluJHs arid celluliir fibre mix¬ 
ed with it, and sulfisicntly pure for chemical or pharma¬ 
ceutical purposes, it is cut and washed in water, is then 
^melted with a very gentle heat, a little water being added, 
to prevent it from being scorched. Fat prepared in this 
manner, [ft naijicd Axunge or Lard when soft, W’hen of a 
firmer consistence it forms Tallow, and Irom some ani¬ 
mals, as fretm the whale, and other marine animals, it i* 
perfectly fluid, forming animal oil. 
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Anlmaii fat has properties nearly the sim4 as those of 
vegetable expressed oil. It is insipid and kiodorOtts, 
sblu^le in Water and in alkohol, and is capable of being, 
combined with the aJJcalii^ so as to form soap. It Is in- 
fiamtnabie, and cannot be ^volatilized unchanged. 

'C'Fati When exposed to a warm atmosphere, is Uable to 
become^ rafmd, more so than the vegetable oils. This 
rancidity appears to hi owing to an aM^ptioh of oxygen, 
and a Oonse^ent formation of an acid, cither from the 
oxygenizement of the fatlfdelf, of of the gelatinous mat¬ 
ter mixed with iti ?' This acid may be abstracted by wash¬ 
ing with water or atkohol, when the sweetness'of the fat 
is in some measure restored, while the water acquires the 
power of reddening the vegetable colours. 

Fat melts From a very moderate heat; lard becomes 

fluid at ‘92°, tallow and the firmer fats require a heat 

‘ somewhat higher. By Uontinuingi'^rhe heat or rjusing it 

above the melting pointfit suffers decomposition, pungeht 

vapours arise frouT'^ 5 and whed it is allowed to cool, it 
> ^ < 
is found acrid and of a ydlow colour.. 

'A similar dehornpositijpti is effected,*by diitillirtg fat in 
close vessels^; an acid, liquor passes over, with an empy- 
jh^tUatic oily matted partly IrqVid and partly in a concrete 
' stat #*5 a quantity of elastic fluid, consisting of Carburet- 
ted hydrogen and carbonic acid, is" dii^ngdged, and the 
residuum is nififed With charcoal; and by repeating the^ 
distillation of the oily ma^et, a new formation of these 
products takes placed the whole is decomposed. The 
acid produced itt this diktillationj’ named the Sebacic, has 
been considered as a p^Uliar one, the properties of whiclu,^ 
are TO be ihi mediately stated, *' 
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“ From the products of this decotnposlti^in, fat, like ex- 
appears to be a compound of carbon, hydro* 
gen>^hd oxygen. Ammonia is also mingled with the 
products in sniali quantity, derived from nitrogen either 
fisting in the composition of the fat, or derived from the 
anihial matter mixed with it. " 

s , 

Fat ishi^y inflamnjablo, and in burning ^ives much 
‘ light; lioncie its common use for this purpose 5 it is pro¬ 
bable, that by the high tcmperaturi^in the wick accord- 

• ' 'Vfj. 

ing to die common method of burning it, it is decompo¬ 
sed.and converted principally into a gas of the nature o£ 

’ defiant gas, as has been already explained under the his¬ 
tory of vegetable expressed oil, from the combustion of 
wliich tlie light originates. The products of this com¬ 
bustion, are water and carbonic acid./ 

Fat is acted on by the acids, and the result is different 
according to the aci 4 . ..to the action of which the fat 

» •' e > ‘ 

subjected, and the manner, in wl^ch it is applied. If ni¬ 
tric acid,be added in small quantity,,it is supposed to be 
entirely decomposed, its oxyg^ ab^racted by the.fat, and 
what has bc,en named by the Fr^ch chemists, Oxygenat¬ 
ed Fat formed. The process they have; given, and which 
has been received into th<p PhinrmaGppccia, is to add tq 
melted .lard one-sixteenth of nitric acid, stirrmg them 
thoroughly, and keeping the mixture fluid for some time. 
Nitric oxide and nitrogen gases are qvolyqd, and the lard 
tiecomes granular and of^ a.hfmer consistence.* If wash¬ 
ed with water, any remaining nitric acid is remo^’cd. By 
<tistilling nitric acid repeatedly from fat, Gren obtained 
acetic and oxalic acids. Sulphuric acid, even in very 
^ snri«B ^antity,chars fat, rendering it br^n o:- black. 
viatic acid exerts no action unen i»-. 
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Fat combine,s wit!i the alkalis, forming saponaceous 
compounds. < • 

Fat, like the expressed oils, is capable of combining 

• 

with sulphur and with phosphorus, when their mutual ac¬ 
tion is aided by a moderate heat. It unites too with a 
' ^ 
number of the metallic ox'des, and foims with them edm- 

pounds more firm than the fat ttscli. From its facility 
of oxidizcment it can even be made to ^ct pi) the metals. 
Thus, if copper be covered with grease, and left exposed 
to the air, its surface soon becomes quite green; and 
quicksilver triturated with lard, forms an ointment of a 
blue colour, which becomes deeper otr keeping, and fium 
which at length scarcely any of the quicks 'Vtr tan be ob¬ 
tained in its metallic form. In such c ises sebacic acid ir 
probably formed by the oxygeinzument of tlie fat, and 
acts on the metal. 

1* 

** ^ 

The acid which is fqjrmed from Ujc decomposition of 

fat by heat, it was observed by Bergman^ nscniok i. in 

the saline combinations it formed, the acetic ; and Gren 

considered it as precisely the same with th.it acid- Still, 

however, it presented some dtfierences; it continued to 

be regarded as a peculiaraetd^ and in the modern numcn- 

< 

clature was named the Sebacic* Various processes were 
given for preparing it, of which one long ago proposed by 
Guyton affords it most eas.ly, and has been generally 
followed* Fat is melted in an iron pot over a naked fire,* 
quicklime in powder is, added to it, stirring it continual- 
ly, and increasing the heat. When the mixture has cool¬ 
ed, on boiling it in water, a brown acrid sail is> obtained 
by evaporation of (be solution, which was consi^red' as 
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the sebate of ; by exposing it to ligat in a crucible 
tl^g^a^naini^g oily matter", to which the colour U owing, 
'is delfomposed, and the salt is obtained pure and white, 
by solution and crystallization. If sulphuric acid be 
podrcd on it, the sebacic acid is disengaged, and being vo- 
latiSe, may be obtained by distillation. The acid is form¬ 
ed in this process, by the decomposition of the fat by the 
high temperature, and is prevented from being dissipated 
by its combination with the lime. As obt^ned by distil¬ 
lation, it is a liquid having an acrid suffocating odour, ex¬ 
haling a white vapour when in a concentrated state, and 
in this state having somewhat of an oily appearance. It 
reddens the vegetable colours, is very volatile, and, when 
transmitted through an ignited tube, is resolved into wa¬ 
ter, carbonic acid, curburetted hydrogen, and charcoal. 
Its salts are in general soluble and crystallizable. 

This acid has, however, been more lately examined by 
Thenard * ; and, according to thj^ result of his researches, 
it is merely the acetic acid, the pungency of its odour be- 
ing probably derived from a little sulphurous acid. Ac¬ 
cording to this chemist, there is, however, a real sebacic 
acid, which had not been before observed, and which is 
possessed of very difFerentf properties. It is obtained by 
distilling lard, and treating the product with hot water : 
to the liquor thus procured acetate of lead is added: a 
flaky precipitate is formed, which is .^collected, dried, and 
*lieated in a retort with sulphuric acid. The liquid con¬ 
densed in the receiver in this operation had no acidity •, 
but there floated on the matter in the retort a substance 
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like f^t, which jwas separated, gashed} apd bpiled with 
water. The wa^er entirely dissolved it *, an<|, by 
ation, crystalline needles were deposited, acid, and^'pos-’ 
sossed of peculiar properties. They were also procured, 
merely by treating distiil^fd fat with water, filtrating 3nd 
evaporating the liquor. * 

This acid, which Thenard regar4s as the Se|)acjc, is, ac- 

*‘S-i 

cording to the enumeratiuri^which he hz^ghr^ ol its pro¬ 
perties, without smelk-: its taste is slightly acid it melts 
like a kind'of fat, reddens tincture of turnsole, and is 
nauch mpre soluble at a high than at a low temperature: 
bailing,water saturated with it even becomes concr .-tc by 
refrigeration : alkqhol dissolves a large quantity i-.f it; it 
etystallfzes in small needles* or, by proper prccautioUvS, 
be obtained in the .form of large lamellx of a bril- 
‘ liant appearance. It precipitates acetate and nitrate of 
mercury «nd of leM* aruf nitrate pyf^jpilver : it neutralizes 
the alkalis, and forms wjth them soluble salts : that with 
potassa does not attfswet ipojsture from the atmosphere : 
it has little taste, and is de^mpojped by sulphuric, nitric, 
or muriatic acid*%>:It does hot j’ender turbid the solutions 
qf litpe, baryte|,^i4;^trontites. Tbeie properties are pc- 
, cil^r, and are c»ns^red by .Thenard as suilicicnt to disf. 
ting^ish this aieid from every other. j4cetic acid u always 
fotrmed along ,yrith it, .^d may be tdrtained 1^ saturating 
the prodiHit of .f^stilled fat with pertassa, and dcci>m- 
posing it by sulphttric acidijpplying heat to volatilize the* 
acetic., Tltf^strbiig ai^d pungent smell of distilled fat, he 
observes, does not depend on, any acidi, since the colour 
of litmus is not changed when exposed to the vapour j 
but depends probably, on a portion of the fat volallhzed, 
and partially changed. * 



iPfekSlACElli'i: 

* * 

^ SpER^ACElei difim Ih soikie d£ its qualities fnjm fat» 
m the head of a spiles of bhald^ the Phy« 
^ setef macrocephalus, in an unctub^^s from ^hkh 
a qnanti^ of oil is obtained by expression. There teW 
^ mains a flaky substance,'Which is purified by fnelting, 
washing with water, and widi a wesdt alkaline* soltttkuf. 
This is spermaceti. It also exists in the oils of other spe- 

t * 

exes of whald, and is oft^ spbhtan^usly deposited. 

Spermaceti is in masses* of a -fiaky cryst|(lUne texture, 
soft, but brittle, white and brilliant, but sometimes having 
a yellow tinge from long exposure to the aSr. -it is less 
fusible than fat ( its melting point, acCotding to ^stoefc 
and Irvine, being 113®. By raising the heat sufficiently^ 
it may be volatilized, and passes over by distillation with 
little alteration. By subjecting it to this, however, re- 
peatedlyi it is decomposed, X quantity of acid is formed, 
and a liquid oil Spermaceti is inflammable^ 

and burns with a clejl|||iiidiite flame. 

-A property in whilb ireinisieiitly differs from fat and 
expressed oil, is its se^h^ixty in alkohol and in ether. 
In alkohol it is di^olved^ sparingly $ 1^: tunes its weight 
of boiling alkohol Being requisite, acctddtng to Dr'l^s*^ 
tock*s experiments, to disSblve asid the whole pfrect*' 
pitating as the fluid <cools. Warm ether dtssoltes it ra*‘ 
pi^ly; and by cboling it is precipitated so abundandy^' 
as in appearance to convert - the into a solid crys^" 
talHzed mass It is alsd dissolved facility by oil pf 
turpentine gdht/y heated, and is deposiflSd ks It cools. 

The alkalis act on sperxnaceti, dnd Ibrnr .saponacckws 


^ • • Nicholson’s JourxKil, vbl, it. pi 134 ., * 
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cot^i^undsl lesf perfect Jioweveil, aiid Ies| soluble in wzv • 
,ter, ^han the soap frotii fat. A solution of pure pcita^sa 
'diKoI^ires itijr.^nd the compound is soluble in warm Vater.* 
.^mmonia does not actonit»v/hen cold^ but whiim. boiling 
unites with it readily, and forms an emulsion, not-decom¬ 
posed by-“Cooling or by the .addition of water, butin^nt- 
ly decomposed by an acid *. 

The acids hive little o® it; concentiated sulphu¬ 
ric acid dissolves it,,.and changes its colour; and water 
precipitates it from this Solution. 

In its properties this substance evidently bears a 
strong resemblance to the matter which principally com¬ 
poses biliaiyr calculi* and to,that.which is formed by the 
^low. decomposition, of muscular fibre,—a matter which 
Fourcroy has distlp^guished by;,the name of Adipocire, 
as being intermediate between fat and wax. ^ 


SECT- XVII. 

tS'REfiJ^AL.iptLP. 

U ^ * 

[|p|^^j^|]which cofUtitUll!|Si the substance ot 


Tl#. soft 

and;ne#%i8 evidently different, in its physical 
,-from ,any otl^fr animal substance. It has been 
ipisifenined by iFottreroyi^with the view determining it# 
cl^emicalifhavaif^l^ . . 

, in its ooiisistimi^ it i$^8o&>And pulpy: it soon suffer^ 
Iti^ntaneoti^ wl:^ exposed to the air,, but, 

witen immeTSiM''HudeP:'Wate tomains long without sui- 
%ifing much cl^pge, Dried by the heat of a water-bath, 


* BOitock^ Nichdl^*s Journal, vol. iv. p. 13 4'. 
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first coagulates, and a small quantity of water se|i<»Tates 
fasipf it. When dried and urged with a 6troi-fg £re, it 
exhales ammonia, swells, beconics black, melts and dif¬ 
fuses acrid fumes : it then inflames if the air is admtttedi;. 
and sulphurous acid is formed from its combustion. 
When decomposed in close vessels, the products are oil, 
carbonate of ammonia, carbuvetted and sulphuretted hy- 
drogen, and carbonic acid gases, with some traces of phos¬ 
phates of lime and soda in the residual charcoal. 

When the cerebral pulp rs diluted with w^ter, it is 
coagulated by heat, flocculi separating ; the HqUor sepa¬ 
rated from these gives a precipitate with lime-water, .and 
affords phosphate of soda by crystallization. Alkohol 
likewise produces coagulation ; as do the acids ; indica¬ 
ting, therefore, a principle analogous to albumen. Sul 
phuric acid, in coagulating, at the same time rc'-acfS up- 
on it, an oily matter^beiug ewalved. Nitric acid dilu¬ 
ted disengages nitrogen gas, ijwith considerable efferves¬ 
cence ; and phosphate ^and oxidate of lime, and oxa¬ 
late of soda* are found in the residual liquor. Muriatic 
acid equally produces coaguj^yon ; and the ley.> affords 
salts, the bases offwhich are soda, and Tune, ideutralized 
partly by the thmiatic, ari&; parfly by Jffioaphorit Jacidsl' 
The alkali]^ dissolve this matter. Potassa actSf* Upon it 
in the c<dd)''causing an evolution of ammonia: when 
is applied, tlte compound is saj^nadlousi' 

By the action of alkdhoh not only ii the. matter 
logous to atf^men sepiii^ited, but liji^her 'SiiibstaEn^ ’ia 
obtained similar to some of the varieties of adipbeite. 

w* •l 

The alkohol being repeatedly applied to the cerebral 
pulp ^ireviously dried, deposited eacH?;tificie on cooling 

7, z 2 
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brilliant laminc pf a ycUowish white colour. This s 
stance was of an unctuous appearance, softened at., 
heat of boiling wateri but did not melt. At a hig 
tenij^erature it acquired a darker colour, and exhal 
dunng its fusion, an empyreumatic ammoniacal odoui 
From these results, Fourcroy concludes, that the ci 
bral pulp consists of a matter analogoub to albumen, m 
oxygenized, and contaunng no fixed alkali, but hav 
oertain phosphates in its composition. The matter of 
nerves is composed of the same substance. 


CHAP. III. 

er THE DFCQMPOSITION OF ANIMAL SUBSTAN- 
XihSf FROM RF.-ATTIdM, OV THRIR JlLK.- 

ItENTS. 

f 

T Hl^elements of which t|te greater number of animal 
substances ^e formud* having mutual energetic 
^ffiniti^, *#n4 ihe ngginlinn of these affinities being fa- 
tpinind bf the statu condensation in which they exist, 
these stthstanees are e^itremely liable to ducompo*^ition, 
fynffa the redaction of their constituent parts# in conse¬ 
quence of whidb<e)|^ combinations are formed. These 
may take |^aCe e^her at natural temperatures, or at tern- 
peramreo more aoiJording to cither of these 

mrcumstaoces, the kind pf decomposition# and the new 
Combinations that are established, are difiFerent. In con- 
uiudiojg the history of animal substances, both speb’**® 

^ epontacieoitt deeompositioo are to be considered. 
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SECT. I. 

• 

OF THE DrCOMPOSlTtON OF ANIM'AL SUBSTANCES 
AT A HIGH TEMPERAl URE. 

When any of the animal products is exposed to heat^ 
its elements generally enter into binary or ternary com¬ 
bination. Nitrogen and hydrogen being those which are 
usually present irt largest proportion> portions of them 
combine together, and form ammonia, which accordingly 
is always evolved. Another portion of the hydrogen en¬ 
ters into combination With carblb and oxygen, forming em- 
pyreumatic oil, acid, and oxy-carbureited hydrogen gas. 
Oxygen and carbon unite together, and form carbonic acid# 
with which the ammonia combines;' and sulphur and 
phosphorus, which are generally in greater or less quan¬ 
tity constituents of animal matter, uniting with hydrogen, 
and probably also with certain^ proportions of nitrogen 
and oxygen, form those gases, having a foetid odour, the 
evolution of which peculiarly marks the decomposition 
of animal matter. These products are evolved in diilbr- 
ent proportions, dhd under various modifications, accord¬ 
ing to the composition*6f tlfe substance decomposed. 
The residual charca:>al contains usually salts, having lime, 
magnesia aitd soda for their bases, combined with phos¬ 
phoric, sulphuric, muriatic, and ca^ih^nic acids, and also 
Oxide of iron. 

But besides these, li^ich require no farther Observa¬ 
tion^ a#pcculiar product is formed from rhe decomposi- 
tionWmany animal substances by heat, the Prussic Add, 
the chemical history of which is still to given. It ap- 
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pc^rs to tjtist, :a§ Jias|||li'elidy beeiif stated,^ (p^g® 

^ fully formed in the vege^ble kingdom* but, as obtained 
from animal sid)stances* it is always tbe;pToduet of their 
de<?oniposition by heat, and it iSsfrom thispsourceiithat it 
is^.usually^rocured for chemrcal purpose#* 

A rich pigment had been known* for a considerable 
time uiider the name of Prussian Blue. It is prepared by 
drying blood, and mixing three, parts of the dried residu¬ 
um with two parts of the potash of coztimercc, and cal¬ 
cining the mixture in a crucible by^at red heat: it is then 
boiled in successive portions of water, which arc afterwards 
mixed together, and coiice^^ated by evaporatiem. A so- 
liltion is prepared of one p^t of sulphate of iron, and two 
parts of alum; and to this the liquor obtained froni the 
calcined blood and alkali ia addedf^os long as ^ny precipi¬ 
tate ifc formed. This precipitate is of a green colour, but 
by vv>ishlng it .with a little ddote acid* it becomes 

of a dark rich blue.colour*^,This forms tlie prussianbluo 


of commerce. - > - .ur ■ * - , 

- Much^tr^ntion has been bMsist^bn the investigation 

oftthe nafurc of this substant^o* .At ai> early period, af- 

,r ♦. 

• ter WcKidw^d, -.rn hfd niade ..putdic the process, 

,Ba;oiin;*nd,GeofFri>y^}^wed thaiiother animal substances 
besides yi^od, as flesh, wool. See. cafejned with potash,- 
fum^jdaed a ley capable of forming pjwissianblue, and ascor**; 
tained some othef.f«i@l3i|jxmn with its formation. 
Macquer made discovery- witli re- 

to it,—tliabitWf^pji^y ofi^ming. the |;olour de- 
pi»ids cm a, peculiar priti^le con^l^ed, with the ^alkali 


chk ii\the formath»n of the prus^iao blue, this is >ra<iS.' 
fetred to the irt3#^^vii3i4 "^bat it may be^^again abstracted 
^om it by Jailing thtflidhe 1^41* alkaline solution i the pro- 
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".^elttles of the alkalUte thus chan]^) and it acquires the 
powtrof again forming the preciphatcof pjrussiaii blue, from 
, u solution of sulphate of iron. He-shewed likewise, that the 
reason rSfe precipitate is thrown down green, is that 
alkali is not entirely saturated with the colouring principlei 
the? excess of alkali throws down, therefore, a portfon of 
yellow oxide of iron from, the sulphate, which mingling 
wItR the blue precipitate renders it green, and the muria¬ 
tic acid gives the deep blue colour, by dissolving, and of 
course removing this oxide. 

Scheele completed the investigation, and shewed the 
nature uf this colouring principle, by obtaining it in a se¬ 
parate state. Having found, that when the liquor pre¬ 
pared from the calciited blood and potash is exposed to 
the air, it loses, in a sliort tim^p, its -power of precipitat¬ 
ing iron blue ; aiui farther, that when a quantity of this 
liquor is put into a,;yessei filled with carbonic acid >gas, a 
piece of paper that had been dipt in a solution of sulphate 
of iron, being attached to cork, this paper is soon co- 
*vered with precipitat^ oatide of iron, and when wett^ 
with muriatic acidh assumes 41 beautiful blue colour : he 
concluded, .since ucids thus appear, to attract the alkali 
more strongly-than the tolouilng tn,^t^er does, and singe 
tilts matter appear^ to be volatile^iat it might bt^'^tainv. 
ed by distillation. He therefore put a quantity of Ae al*' 
kalinc liquor impregnated witlx it^^ito<4i retort, an 
excess of sulphuric acid, and distijlled with a* gentle heat. 
The watcT^ ytfhich caiUd over iiadla peculilir.and 
taste,'ar^produced with oxidoof iron a fine Prussian 
^biuiwj/Exposed to the air for soifne"hours, it entirely 
this property, the colouring prinlijife bmng dissipatel^ ', 



OXCQHPOSITION OS 


78f , 

Scheele foun 4 it diilculti by sluice aflinity, to transCet^ 
the colouring mjitteK £rom'pTusslan blue} for altheu^i 
the aUcalU attiact it> yet a portion of oxide of iion always 
accompanies it} and hence these compornids^ as he re- 
ijnarkSf ape all triple salts, consisting of alkali, a little iron, 
and t;he colouring matter. With that skill, however, 
which eminently maxhed all his investigations, he disco¬ 
vered a process by which this may be effected, and which 
still affords us the best method of obtaining this principle 
in an insulated state. Two ounces of prussian blue, and 
one ounce of the red oxide of quicksilver prepared by ni¬ 
tric acid, are put into a flask, with six ounces of water, 
and boiled foT'Some minutes, with constant agitation. It 
18 then poured on a filtre, and the matter which remains 
on the paper, lixiviated wi^h two ounces more of hot wa¬ 
ter. The Uqiud which has passed through, is a combina¬ 
tion pjf' the colouring matter witb oxide of quicksilver, 
without any oxide of irot^. This he found could not be 
decomposed! either by acidifbujdkalis, or lime} and the co¬ 
louring matter could be separated,only, by reducing the 
U^prcurial o^ide to tlie metallic state. To effect this, the 
filtered seji^ion, from the above quatiliities of materials, 

i! 

is poured on ^ ouftceaiid*ahali«of iron-filings free from 
yust, to^which are addqd three drachm^ of sulphuric acid. 
”1116 dxidu of quicksilver is reduced to the metallic state. 
The clear liquot!, j^ftqjj^the action has ceased, is poured ofF 
and distilled. Whesa the fopith {Dart has come over, the 
whole of the Cplpuring matter is obtained, as it is more 
Oplafile than water, and, rises first. There is a'Si‘'^ht con¬ 
tamination of sulphuric acid, which may be remot^^by 

distilling a second tiifie from a little chalk *. 

. .. ■■■ . . . . 

^ Bdheete’s Chsttiical fl^assys, p. SI 9. 
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' Doubts have been entertained^ whether this principle 
cahr be regarded ns an acid. Its ^ste, Scheelc remarked, 
is not sour, but rather approaching to sweet, nor does it 
redden i>aper tinged’ with litmus. It has scarcely even 
the naost important acid character, the power of neutraliz^- 
ing the alkalis and earths, and of forming with them 
crystallizable salts; or at least it acquires this power, as 
Berthollet has remarked^ only when a metallic oxide en¬ 
ters at the same time into the combination. It has only 
the remaining equivocal acid characters, of being soluble 
in water, decomposing soap, and precipitating alkaline 
hydro-sulpfhurcts ; and, as the same chemist has observed, 
the name of acid can be given to it, rather from the pro¬ 
perties it displays in its ternary combinations, than from 
those it has in its insulated st^e. 

Prussic acid, under the form of its watery solution, has 
a strong odour, resembling that of the peach blossom. 
Its taste is sweetish and pungeuit;. when pure it is colour¬ 
less* In its action on the living system, it is highly nar- 
cotic, as has been already stated. 

The volatility of this acid Js^such, that it easily escapira 
fronuits watery solution ; and according to Bucholz, it 
is always partially decoiflposecTby water. Like the 

ther substances of animal origin,dtib decomposed at a high 
temperature; though much less readily, as is evideutfrom 
the fact, that it is formed only at the temperature of ig¬ 
nition. This may be considered even as giving to it a 
peculiar charjicter. ^ 

I^us^^if^cid combines with the alkalis and earths ; hut 
_Ua XSjiMy to them is inconsiderable, and hence the consti¬ 
tution of these compounds is easily subverted, water even 
producing their decomposition, ‘especially wfien heated- 
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'i'hey are denominated Priissiatcs, and arc best obtained in 
. a state of purity, by combining the acid, obtained by tile 
p?roce 5 Sof ocheclc, withthc difTercnt bases'. 'Flicyhave been 
little examined i a few observations only having bei^n made 
with regard to them by this chemist *, ’ With the fixed 
alkalis, he remarks, prussic acid forms a compound, which 
though it contain an excess of the colonring matter, still 
r.'^stores the blue colour of paper reddened by an acid. 
Ky distillation, pari of the prussic acid is separated from 
it, and it is decomposed by all the acids, even by the car¬ 
bonic. With ammonia a salt is formed, which has still 
the ammoniacul odour, even when the colouring principle 
is in excess j this salt rises by distillation, nothing but 
pore wrater remaining in the retort.' The aqueous prus¬ 
sic acid dissolves but a small quantity of barytes ; with 
lime it presents nearly the same results as with the alka¬ 
lis, combining with it, and the compound being decom¬ 
posed by he.iT, as well as bw carbonic acid, on exposure to 
the air. M.jgnesia is dissolved^by it in smnl! quantity, 
^ut by exposure to the atmosisherei is again,precipitated. 
Argil is not dissolved by it,, in any sensible quantity. ■ 
Prussic has no sensible action on metals ; but it 
acts on the oxides of 5 omc"of the*m. Thus, oxide of gold 
becomeifewhite; oxide«^(5f silver, precipitated by an allca- 
Ilne carbonate from its nitrous solution, yields its carbonic 
acid with slight effeft^i?scence 5 oxide of quicksilver is 
dissfdved, and the solution Crystallizes in four sided 
prisms; oxide of copper aseumes a Citron colour, and oxide 
of cobalt a yellowish browd. The oxides of iron^vn, ^^ad, 
and indeed the greater fj^penber of the other meta^^r^ 


Chemi<M Essays, ^4' Dissertation on Prussian piuc. 
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not afFeeted by it. It decomposes, howover, some of the 
inefullic salts ; from a solution of nitrate of silver, a white 
I poviftier is tlirown down *, from nitrate of mercury, a black 
powder ; and from caibonatc of iron, a precipitate at first 
of a sea-,:^rL'en colour, which changes to a blue. 

By ct'mpL-x liHnity, more striking effects are produced 
on the metallic salts. In examining these, Schccle tin- 
pioyeh prushiate of lime *, and he gives the following enu- 
I'leratloii of the changcTi it occasions. A solution, of it 
being poured into a solution of gold, a precipitate is 
thrown down in a whiic powder, which is re-dissolved 
■w’iicii tlie p'tUssiatc is addctl in excess, forming a coiour- 
Ic'S solution. The solution of platiua is not changed : 
tiiat of silver iprecipitated of a whi:e colour, and of a con¬ 
sistence like that of chk-ese *, the precipitate being redis¬ 
solved by an excess of tlie prusiiate, and the combination 
in this case being so intimate, that it is not decomposed 
by mutiatic acid. iMercury is preyripitated from its^itrous 
solution in the* form of a black powder. Sulpbale of cop¬ 
per U precipitated of a citron colour j the precipitate be¬ 
ing redissolvcd by an excess ^;e prusslato# and forming 
a colourless liquor, as ”'t docs also when submitted to the 
action of liquid ammonia? Sulphate of zinc gives a pro*-* 
cipitale of a whito^olour 5 and this, unlike the greater 
ntimbcr of these precipitates, is soluble in acfds. Sulphate 
iron is precipitated first of a yellowish brown colour, 
which soon changes to green, aiid then becomes blue on 
the surface, ag it tious also immediately on adding an a- 
cid. Fro«/acetate of leiid, a. white powder is precipitat¬ 
ed ; the solution of cobalt,>»'powder of a brownish ^ 
^ yellow colour; neither of these being redissolved by ati 
excess of acid. Similar compounds ate eslablished by prus- 
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siate of potEssa ^A&ed .to^the Aicrcallic solutions. It is pro¬ 
bable, that the greater ittimber of them are triple combina¬ 
tions i the prussic acid, with part of the Saiihable base, en- i 
fering into combination with the metallic oxides, the prus¬ 
sic acid having a tendency to form such ternary combina¬ 
tions f hence, asBerthollcthas remarked, the super-natant 
liquid retains an excess of acid, though the prussiate by 
which the metallic salt is decomposed contain more alkali 
than is requisite to its saturation, and the precipitate 
Weighs more than it could do if the oxide alotie were com¬ 
bined with the prussic acid. These combinations are much 
more permanent than the pure prussiates, the metallic ox¬ 
ide exerting such an alBnity to the prussic acid, as to pre¬ 
serve it from decomposition. 

Of these ternary combj^n^tioss, those with oxide of 
iron are of importance, from their use as chemical tests, 
and as forming prussian’blue. The liquor which is ob¬ 
tained Ify digesting an 'alkaHne solution on prussian blue 
is of this nature, a portion of Iron being always contain- 
cd and hence, when ati acid i& added so as to saturate 
pkrt of the alkali, a preciptiate of prussian blue is form¬ 
ed. And^fiehen the solution is added to a solution of 
iihati, a p(oition of tMsi'iron in flie state of oxide enters 
into t^'xombination^flcNtrning a simiiair precipitaite', while 
the aUcair fd f>artly attracted by the acid with which the 
irortt'w^ COinbinedC^^''’'’ /•' ' 

ThO'nature of them oon^ittations is, however, consi¬ 
derably difrerstfied by thle Stalo’^df the iron with regard to 
oxidiEentent, as ^oost tniore' particularly poinis^ qut *. 
If it* exists in combinaddh wMi an acid at the mn^um _ 
of cutidizement, the .jn'eCipitate formed, by adding the 

_T * . _ 

e Kidiotaen^s Journal, ^ 0 , vol.j. p. 4*5*1. 
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common prussiate of potassa anil iron, js of a white co-' 
loitr, but from exposure to il»e air, it very soon acq^uires a 
blue shade ; or, if the metal be at a higher, state of oxiii* 
izeroent, the precipitate is at the first blue. Generally, 
however, as thrown down from the solution of iron, if no 
acid be present, it is of a green colour-; owing, As has 
been already explained, to the difficulty of saturating the 
alkali with the prussic acid ; and hence, by the portion of 
alkali which is present in excess, a quantity of yellow ox¬ 
ide is precipitated, which gives to the blue prussiate a 
yellow colour. This is prevented wlien the solution of 
iron has an excess of acid, or the green precipitate as¬ 
sumes a blue, when this oxide, is removed by washing 
With a diluted acid. It thus appears, that there are various 
prussiates of pouissa and iron, differing both in the pro- 
portions of the alkali and the oxide to the acid, and in 
the degree of oxygenizement of the metal. Accord¬ 
ing to Berthollet, however, th^ distinction between the 
white and the blue prussiates does not, depend merely on 
this cause, but rather on fhe, force of affinity exerted by 
the acid to the oxide of irop ^iii its? diffiorent degrees of 
oxidizement, and Which is therefore capable qf being va-. 
ried by causes which do* not change the state of oxid^, 
tion, as by w^ter cy; by the acids, which he gives exam- 

The triple prussiate which is obtaitied byAboilin^ al- 
’ kaline solution on prussian blue, has been much used by 
chemists as attest to discover the presence of iron, it be¬ 
ing a delate one, from the deep blue coioKir which it 
stride ^ith the iron,at the maximum of oxidizement. As 

• 4 

------ - — -- ' '■■■■■■ ■■■■'■■«■ I . . 

•i < 

♦ Chemical Statics, vol, «, p. .215. 
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It always'eontaawi lioweverj'a portion of iron, it is liaWe 
lo fallacy \ for if any free acid be presimt, or be evolved 
in the applicaribn of the test, this ire-acts upon it, and 
gives rise to a precipitate of prussian blue, indicating, of 
coursej'lron to be'present when it is not. Chemis s have 

^ r 

endeavoured to remove this source of fall-icv, by fr«»eing 
it from this portion of ijson ; but it does not appea**, that 
by any process it cati'be entirely abstracted. Rtchter and 
Buchc'Iz have even concluded, from their investigations, 
that'tlie pres<?nce of the oxide of iron is csiennai to pre¬ 
serve the constitution of the prussic acid ; that the C'^m- 
pound of this acid, and the alkali alone, cafiTbe formed 
only in the dry'way, itfid^at the temperature of ignition ; 
when it is dissolved in'water, it is immecllatelv decom- 
posed; part, of the prussic ^acid*^escapes, and, from the 
smell of ammonia produced, part appears to be decom¬ 
posed : it is on^y from the presi*nce of oxide of iron that 
the combination is cstablubed'll and k is move permanent, 
as the proportion of this is larger. All the pi.’cipitatcs 
produced by^means of tlie tek prepared in the usual me- 
lisiod^^th^y c'dSfcliide, cou^aini-iron, and arc dilTerent Iti 
therr colo|| ffom jthosis' wh'ere the, iroh is not present 
T^^Itappej^, wh?n the triple prussiate of 

potassi^ atid' iron coi^ipiis only a certain quantity of the 
^netal, in tfife bombtn^mn with sueh forge of 

* ' S’’"' 

attra(iti6np“fb*t'eV^va '.sicid'does not'subvert it. or 
produeffi prussian tbhie ^ and4hat> therefore, a triple prus- 
siatc of tliis.natur-emay which mgy be employ¬ 

ed wkh^'teore acl^liTacjr test’of iron.. Ij^uor 


♦'CNicKolsOtt’si'Joutiiar, Vol. is. p. 578. 
^ Aanidcs'dy li, p. l 80 . 
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which is prepared from the mixture of.biood smd, pearl- 
ash calcined, h, under this point of view, preferable 
that prepared from the actiou of an aiifsriine ley on Prus¬ 
sian blue ; for although the former contains a poartion of 
oxide of iron derived from the blood, yet it is much less 
considerable than that which tlie latter contains. The 
proportions, according to Buch^IiC', which answer best in 
preparing the triple prussiate with this view, are two parts 
o dried blood with one of Carbonate of potas.,a j this mix¬ 
ture being heated to redness in a crucible, and being kept 
in a state of ignition for three quarters of an hour after 
the flame,.'lrhat appears at the surface has ceased. 'Diis, 
dissolved in water, affords a liquor 'w^hich contains only a 
small quantity of iron, and which, dropt into muriatic 
acid, affords no blue, but 4 ^nly a white precipitate 

Even the common solution of triple prussiate of potas- 
sa, and iron prepared by digesting an alkaline solution 
with prussiate of iron, may be^so far freed from the me¬ 
tal, as to be used as a test. A process of this kind em¬ 
ployed by Klaproth has been described by Mr Kirwan f. 
The most essential circumstance appe,ars tohe cryst^liziirg 
the compound. The liquor-is filtered, and any excess of al¬ 
kali .saturated by the aeWition sulphuric acid j (or, 
Richter , sin<^ proposed, by ncetaie of lime :) it is 
poured off clear from a precipitate which is t]&rown down, 
and is evaporated, so that, when set aside, it shall crystal¬ 
lize; crystals of a cubic form and of, a yellowish colour 
are found nqingled with crystals of s>ulpbate of potassa, 
and, w-itl^xide of iron. The former arc picked out, and 

*• l- - .1 _ ...I _ .. M . ■■ ■' ^ I lMi W il l 

*■ Nicholson's Journal, yoL ix. p. iJBO. 

t Elements of Mineralogy, vci. i. p. '494. 
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redi58C)lip«!^ io w^tcr: any so]|ihur)C acid that may be pre- 
. ^ent is removed by the aiklition of barytic water, and is 
again, made to etystallize/ These crystals are dried and 
kept fca^'Use : if fhey receive no bluish tinge when wetted 
with muriatic add, they may be considered as sufHcient- 
ly pur^ to bo employed as a' test. In judging, however, 
of the quantii^'of icon iC(|fitamed in the precipitate which 

t , 

they may throw down from any liquor containing this 
metal, allowance must be for the portfociof it which 
they Comain : this is done by decomposing 100 grains of 
the crptalHzi^drSait, by exposure to a strong red heat, dis¬ 
covering what quantity of oxide of iron remain^ and from 
thfe, by knowing wHat quantity of the salt has been em¬ 
ployed in the precipitate, determining ’.'it quantity of 
the iron which k indicates h?.*? been derived iron, this 
source. In general, the crystalliaed salt, as prepared iii 
this mediod, contains'frqin 22 to SO'in 100 parts of ox¬ 
ide of iron. BerthoUet hsys observed, that it is more con¬ 
stant in its composition, if it b« calcined lightly previous 

I t 

to the sOeond crystallia^tion $ the oxide not essential to 
the composition being thus :[pore effectually separated. 

The triply j^ussiate is ajso^ in the common method of 
yteeparingi^gelk^ly intphrc, from a mixture of sulphate 
of potassa, drived fcc^ the potash 0^ commerce, from 
which it hj^lieen prep^d $ and is the sourcp of a 
mistake, wh^ kt cN^..cif»ii^eeaiie!(i''among chemists? that 
barytes isJ*preeiptO|ted coj^oflulil^ by this test trom its sa¬ 
line splu^OnS. Hdff ta^i be removed by the actiem of 
. barytee on th^ Dr^Heilry has founded a pt^cessior 
preparing a purer triple prOstaiMie than by the cdinjcnon 
methodaf! It consists in adding pmssian blue to a solution 
of pure baryta In water, until it cease to be discoloured. 
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The solution is filtered^ so as to free it from any deposit© 
of •oxide of iron : after it has stood some hourSi yellowish 
crystals of prussiatc of barytes and iron lorm, and another 
quantity is obtained by evaporation of the liquor#> These 
crystals, in powder, are added to a solution of carbonate 
of potassa gently heated, unfil the solution np longer re¬ 
storer the colour of reddened litmus paper : after digest¬ 
ing tlie mixture for half an hour^ the liquor is filtered^ 
and, when evaporated, affords well-formed crystals. They 
still contain about 0.24 of oxide of, iron 5 but a consider¬ 
able part of this may be abstracted, by digesting the solu- 
rion, before evaporating it, with a little acetic acid 
The Prussian Blue of commerce, besides its essential 


principles, always a quantity of argil. This is 

dcrivj^ freorf a quantit^,^f alum, dissolved along with 
the sulphate of iron, previous to the precipitation of this ^ 
by the addition of the ley from calcined blood and pot¬ 
ash j and serves the purpose njerely of diluting the very 
deep colour, and giving more consistence to the pigment. 

The common prussiate* of potassa and iron not only 
precipitates iron from its sojution, but the greater num¬ 
ber of the other m*etals, all of them, indeed, exceptjpla- 
tina, antimony, and tellurium ;^d thusaflFords a test'^use- 


ful in discovering the metals. 

Be^es th^>vfj^c compounds of prussic aSad, potassa, 
and bxid??5f iron, other ternary comhinatiops are formed 
with the oT^er salifiable bases. That of barytes, the pro¬ 
perties of wi^ch have been pointed out by Dr Henry,-has 
been alre>dfy noticed. It is crystallizable ; the crystals are 



* Nicholson’s Journal, 4to, vol. iv. p. liJ. 

•J A 
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rhomboidal} and have a yellow colour *, they are sparing¬ 
ly, soluble in water; four ounces, at 65®, not dissolving 
more than one grain, and only between five and six grains 
at 212 ? 4 , The prussiate of strontites and iron is less dis¬ 
posed to crystallize,; the dry mass obtained by evapora¬ 
tion is readily soluble in watfer; ojne ounce, at 6.)^", dissolv¬ 
ing 120 grains *. The prussiate of lime and iron is de- 
po: ’ted, by evaporation of its solution, in minute crystals 
of a yellowish tinge. The others are scarcely known. 

The compound formed from the precipitati(,‘ii of the 
salts of copper by the triple piusslalos is of a lino brenvu 
colour : it has been introduced as a p.iint by Mi Jl.itchcc, 
and ftiund superior to every brown paint now in use iu 
beauty and intensity. The deepest cob obtained troi.i 
the muriate of copper, precl:/itated by tlic jiu ite <n 
lime and iron ; the muriate being dissolved in ten p^ti L* 
of distilled water, and tl;e solution of the prussiate added 
as long as there is any precipitation -f. 

From the origin of prussic acid, it may be inlevred to 
consist of the elements that uifually form the anim<d pro- 
ducts« This is confirmed by the results of its analysi- 
It was known^ that prussian blue, decomposed by heat, 
a^orded ajmmonia ; and Scheelc„found, that it was yield¬ 
ed also by the„other,pruss.ates, with carbonic acid gas and 
residual cl^coal. The state of chcm\v:,y at that period 
did not allow of the proper (.onclusion being il.awii,, and 
Schcele merely inferred, that prussic acid cof of am- ' 
monia and an oily matter, rie added, however, an in¬ 
structive synthetic experiment. He mixed c^^l parts of 


* NichoUon’s Journal, 4‘to, vol. iii. p. 17 !. 
f Journals of the Royal Institutioc, vol. i. p. 
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charcoal'powder and pub-carbonatc of potassa, and raised 
thfm in a crucible to a red heat. He thei» thrust to the 
bottom of the cruc ible nearly the same proportion of mu¬ 
riate of ammonia, in small pieces: in two minutes, the 
production of ammoniacal vapours had ceased, and the 
matter was immediately lixiviated with hot" water. It af¬ 
forded a ley, vihlch copiously precipitated prussian blue 
from sulphate of ammonia. A similar, though less per¬ 
fect result, was obtained when be substituted plumbago. 
And fr<'m these it appears, as he remarks, that volatile 
alk ili, whli carbonaceous matter, can afford prussic acid *. 
No farther inference could be drawn while the nature ol 

• 

ammonia was unknown. 

lifTtboll't, \ he had tlisccvered the composition of 
ainnif^u.M, applied the disc^ofery to the theory of the form¬ 
ation -of pruaaic acid,-and inferred, that this is formed from 
the elements of the ammonia—nitrogen and hydrogen en¬ 
tering mU) combination with a portion of carbon - ami that 
it is thorcf '.re a triple compound of these principles 

® f 

This has been coniirmed by a variation in ibe mo«le ut 
performing the synthetic exp^Tjjmcnt of Scheele, execat- 
ed by Clouet; passing m imonia in the gaseous lorm, dis- 
t ngaged from a mixture mur.atcof ammonia anti tjuick- 
llnie, through a tube iilleti with charcoil and kept at a 
full rpd h eggrss i.-, r' Cfivcd at the extremity of the 
tubc4w bottles ctUifuning nater, or an alkaline solution ; 
and purt? jiTtfesiC .u'u’ l;> found at the endof the experiment T 


* Cliefnical E'‘''-iys, p. 

■j’ hlcmoiii's dc i'.(At-jd. oi n Scteiicosj 1 p. 

■f Antiali' 'Ic (.d'li.iia, ttun. xi. p. UO. .Kvuiia! dc i’l.cuL 
j*plytechi),ijL!c, £'.-rii. ii. ]'. I.-'' 
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It has Wen considered as doubtful; whether oxygen 
enters into the composition of this acid. Berthollet rather 
supposed that it did not, or that it contained only a small 
proportion, from finding, that in its decomposition the 
gas disengaged was chiefly carburetted hydrogen, andnot 
carbonic acid. All the speciee of carburetted hydrogen, 
however, no doubt contain oxygen in their composition ; 
carbonic acid, too, is produced in a certain quantity, as 
Schecle observed ; and Vtiuquelin has remarked, that 
however dry a prussiate ’may be when subjected to de¬ 
composition by heat, carbonate of ammonia is always pro¬ 
duced. It can scarcely be doubted, therefore, th^t oxygen 

4 

enters into its composition 9 and accordingly, Vauquelin 
has observed, that in the formation ol ammonia 

and charcoal, the quantity isy.^mch increas«?d' if :t sub- 
staiicc be added which can afford oxygert, Thus, if ox¬ 
ide of lead be employed instead of lime to decompose the 
muriate of ammonia whep it is heated in a state of mix¬ 
ture with charcoal, tlie product of prussic acid is aug- 

A A 

mented In the proportion even' of six to one *. 

^ Berjtjioller, ih his expe|iipents- on this substance, ob- 
Wrved, tbar Whendt tras submitted to ^ action of oxy- 
HiUriatic acid, k lsflers a Ihbmicul change, receiving oxy¬ 
gen, and ^e OExymui^ic passing to th^ state of muriatic 
acid. It i^ot very.»<flear, whether in tiik) case thft prus¬ 
sic aci^i^Arely recelres a portion of oxygen into it/^^coiiF* 
position, or whether the oxygen combines I 'lth *ts hy- 
dre^en or carbon^only. The acid in this acquires 
a stronger smell, becomes more volatile, and\ppears to 

. #■ ' ^^ _^ M I ------ 

* Manual of Chemistry by Lagrange, vol. ii. p. 358. 
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exert less energetic aiTuilties to the aUtalis : it precipitates 
iron green from its solutions; and this precipitate becomes 
blue from exposure to light, or from the action of sut* 
phurous acid, or iron. If it be still more impregnated 
with oxymuriatic acid, and be then exposed to the light 
of the sun, it appears entirely to change its nature : it se¬ 
parates in the form of an oiJy-fi]ce matter, of an aromatic 
odourj which subsides to the bottom of the vessel, and 
which, if converted into vapour by the application of heat, 
still refuses to unite with water, or with oxide of iron. 
When the acid is in that state in whicli it forms a green 
precipitate with iron, if lime or an alkali be added to this 
precipitate, ammonia Is evolved. 


SECT. 11. 

V 

OF THE SPONTANEOUS DECOMPOSITION OF ANIMAL SUB- 

• • 

STANCES AT LOW TEMFERATUR.ES. 


When the amities of the elements of dead animal 
matter are allowed tOs operate Ify that degree of humidity 

t 

or softness which these substances usually have, new com- 
binatwjq^ are^^rfifablished even at natural temperatures, 


whic% continue to proceed until the. animal subn^nce is 

__ ^ y 

entirely deTpmposed. Changes of tluskind constitute the 

general pr ^ss of Putrefaction-, though they-are also 
considerably varied, according to the circumstances imder 
which they take place, and, in particular, according'to the 
presence of air and humidity. 

If animal matter be entirely excluded from these two 
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agents, in 6ther if it be completely dried and si^ 

• eluded from the atmosphere, it decays very slowly, any 
Sensible chemical decomposition not being produced in it 
for a vet^ great number of years. ' 

If those animal substances which are not soluble im'^va- 
tcr, those, for example, whicli consist principally of fibrin, 
as the muscular fibre or flesh, be kept compressed, or be 
immersed in water, as rhe air is thus nearly excluded, the 
series of changes are modified, and the fibrin is ultimate- 
ly converted into a substance of a fatty naturei having in¬ 
deed nearly all the properties of spermaceti. 

This species of decomposition Was first particularly ob¬ 
served on the occasion of the removal of a burying ground 
in Paris, containing edinmon graves,■of'^f^poftitorles des¬ 
tined for the |k)or, in vidiich,'^' /ith a singular iiiclifFer- 
ence, a number of bodies were accumulated together. It 
was known to the grave-diggers, ,that after a number of 
years, they were converted into a species of fatty matter. 
Foutcroy examined the appearances presented, and has 
given 4iaicmoir on the Subject*, to which, or a full view 


of it Wf Mf Nicholson f, I fofer. It has since been shewn 
by Dr Gibbes, that when the flesh of animals is immersed 
lUhder water, it id converted into a*sihiibr fatty matter; in 


n onth^-si and 

"" > 1 ^ 


'‘‘^1 < 

a piece of lean beef, secured in a running stream, the con- 


a piece or lean oeet, secjured in a running stream, tne con- 

. *- ■ V 

version ilraf^flected jn the course of a onth^s^ and 

A ^ 

itVas ai^ prbduted'by the agency of dilute mine 
' ' ' • * • ** 

In t|)ese cases, part df the nitrogen and hydrd^c. appear 

to combine together and form Ammonia, wlf-eh is found 



* Annales de Chimie, tpm. v.' p. 154 *. 

*!■ Nicholson^s Dictionary, vol. ii. p. Sfil. 

' % F4iiloSophical Tranflactioi»,1791, lT9j.' 
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in the fatty matter, Mobile another portion of hydrogen 
wijLh carbon, aiul a proportion of oxygen^ form the fat. 

When tlie atmospheric air is admitted to animal suh^t 
stancCxS, and moisture is present, the process more strict- 
ly named Putrefaction takes place. Tliis has been defin¬ 
ed, that sptcics of dccomporition or change in the mix¬ 
ture of organic matters, by which ammonia and a parti¬ 
cular effluvium of a most ofFcnsive smell, called Putrid, 
are formed. Ii takca plaice oply in those substances whicli, 
besides carbon and hydrogen, contain nitrogen and phos¬ 
phorus : such arc il.e aninu'' products and vegetable gluten. 

'I'he circumsrances more pecullariy L.vourabIe to it, 
are a clue degree of heat and moisture arid access of air. 
A tempei. 0 j;r 60° to b0° of Fahrenheit, best fa¬ 
vours -i > p. : by intense cold it is eijtirely checked. 

W1 len this process fiist commences, the matter emits a 
slightly cfi’eiisive smtli, yvhich soon becomes extremely 
foetid j tile taste likewise becomes nauseous : r)ie colour 

f 

is greenish ; the firmness and cohesion of the substance 
are soon diminished, ainl "ht length it becomes soft and 
pulpy } its smell becoming more and more offensive. It 
thus continues, losing weight, until the putrefaction is 
completed, and little t^enjains bat an earthy residuum. 

In this process then, the putrefying matter is resolved 
into new comp^^ids, which escape in the gaseous Ibrm. 
lliei^echJ^ture of these-combinations has n^y^ frpm 
• the ext^'^h^ffensiveness of the process, been accurately 
ascertained. \nd they probably vary somewhat according 
to the natiir'b of the animal substance, atid the (^ircumstan- 
ces under which the putrefaction takes place. Ammonia/ 
is formed by the union of the nitrogen and hydrogen of 
the animal matter, and frccpSently also acetic acid, by,. 



'744 decompo9*tion, See, 

which it ifi neutr^fiai^d. Phosphuretted hydrogen is di^ 
engagi^, since tla^ gas> even when obtained pure, has in 
4 very great degree the odour named Putrid ; and it has 
often been oljserved, that anifhs!' matter during putr4^ac- 
tion has appeared Itmiinous. Sulphuretted Iiyds^tgen 
makes another part of the vjfpours disengaged from putre¬ 
fying substances V as these vapours have in some degree 
its smell, are cap.hle of blackening the metals^ a pe- 
culiar property of this gas. JUastly, carburetted or oxy- 

>v, ' 

^^rouretied'hydrogen and carbonic acid are-^volved. Jh 
is probable too, thaf not only these binary combinations, 
but compoimd gases, consisting of three oi more of these 

S' ■ 

elements with oxygen^i pe formed and disengaged. 

This change then, nothing more than the elements 
of the anima^^bstance, entering'into new combinations, 
which pass off in the gaseous form» the earthy and saline 

9 

matter foianing the residuunv. <v 

Putrefaction is the great proi^ss employed by nature, 
to'Separate the principles which vegetation and animaliza- 
tion had combined, and thus subservient to their re¬ 
composition. ‘ It is a proc|SS. which must always go on 
at the surface of thO earth y its products are diffused 
Though the at^acu>sphere,* absorbed by water, or taken up 
ffte soil* They furni^ the principal nutritious mat- 
^ter fp th^uppoft U^^^owth of vegeisiSajM, and they are 
thus .brought into new combinations, wlTtCh pre- 
pared for assifji&t| 9 n in the animal system.*^ 
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iii. 605.606 
560 
698 

gen gas - ii. 29 
carburetted 377 

y>hos;.!!uret- 

ted^ - - 500 

snlphuretted ii. 436 
s'lli^r-sulphi^ 

,«tted ^ ' > 451 

Hydroguretted sulplwi- ^ 

- J 453 

it/ 446 



of copper 


Hydrtfcfulphure 


ii)'talliciii. 73 
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Mns<.icot 
Muotich 
Aiatrass 
Meeibchaum 
Mclanite 
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